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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the magnetic tunnel junction component which is a magnetic tunnel junction component for detecting 
the impressed magnetic field, is pinched by the 1st ferromagnetic layer, the 2nd ferromagnetic layer, and said 1st 
and 2nd ferromagnetic layers, is equipped with the tunnel barrier layer which touches these two layers, and is 
characterized by said tunnel barrier layer containing the 1st Carrier layer to which oxidation treatment was given, 
and the 2nd barrier layer. 

[Claim 2] Said 2nd barrier layer is a magnetic tunnel junction component according to claim 1 characterized by 
performing oxidation treatment 

[Claim 3] Said 1st barrier layer is a magnetic tunnel junction component according to claim 1 characterized by 
having the thickness more than the thickness of said 2nd barrier layer. 

[Claim 4] Furthermore, the magnetic tunnel junction component according to claim 1 characterized by having other 
at least one-layer barrier layers on said 2nd barrier layer. 

[Claim 5] Said 1st barrier layer is a magnetic tunnel junction component according to claim 4 characterized by being 
thicker than any of a barrier layer besides the above, or being equivalent. 

[Claim 6] Said 1st ferromagnetic layer is a magnetic tunnel junction component according to claim 1 characterized 
by being the ferromagnetic free layer from which the magnetization direction changes with external magnetic fields 
freely. 

[Claim 7] The thickness of said 1st barrier layer is a magnetic tunnel junction component according to claim 1 
characterized by being 0.6nm or less. 

[Claim 8] At least one side among said 1st and 2nd barrier layers Chromium (Cr), Molybdenum (Mo), a tantalum (Ta), 
niobium (Nb), copper (Cu), Platinum (Pt), palladium (Pd), boron (B), carbon (C), aluminum (aluminum), A tungsten (W), 
silicon (Si), titanium (Ti), vanadium (V), The magnetic tunnel junction component according to claim 1 characterized 
by including at least one sort in the group which consists of a ruthenium (Ru), a rhenium (Re), a zirconium (Zr), and a 
gallium (Ga). 

[Claim 9] The magnetic tunnel junction component according to claim 1 to which at least one side is characterized 
by including at least one sort in the group which consists of aluminum (aluminum), a tantalum (Ta). nickel (nickel), 
titanium (Ti), a hafnium (Hf), magnesium (Mg), silicon (Si), a zirconium (Zr), and a gallium (Ga) among said 1st and 2nd 
barrier layers. 

[Claim 10] Said 2nd barrier layer is the magnetic tunnel junction component of claim 1 characterized by carrying out 
annealing treatment 

[Claim 11] The thickness of said 2nd barrier layer is a magnetic tunnel junction component according to claim 1 
characterized by being 0.4nm or less. 

[Claim 12] The thickness of said tunnel barrier layer is a magnetic tunnel junction component according to claim 1 
characterized by being 1.5nm or less. 

[Claim 1 3] It sets, when the bias voltage of the range of 0 to 500mV is impressed, and said tunnel barrier layer is 
the resistance difference [abs(R+-R-)/] (R++R-) of forward bias voltage and negative bias voltage. Magnetic tunnel 
junction component according to claim 1 characterized by being less than 3%. 

[Claim 14] The process which is the approach of manufacturing the magnetic tunnel junction component for 
detecting the impressed magnetic field, and forms the 1 st ferromagnetic part, The process which forms a tunnel 
barrier part on said 1st ferromagnetic part, The process which forms the 2nd ferromagnetic part on said tunnel 
barrier part is included. The formation process of said tunnel barrier part The manufacture approach of the magnetic 
tunnel junction component characterized by forming the 1 st barrier part on said 1 st ferromagnetic part, and 
including the process to oxidize and the process which forms the 2nd barrier part on said 1 st barrier part. 
[Claim 15] Said tunnel barrier partial formation process is the manufacture approach of the magnetic tunnel junction 
component according to claim 14 characterized by including the process which carries out oxidation treatment after 
forming the 2nd barrier part on the 1st [ after oxidation treatment ] barrier part. 

[Claim 16] Said tunnel barrier partial formation process is the manufacture approach of the magnetic tunnel junction 
component according to claim 15 characterized by including further the process which forms other barrier parts of 
at least one layer on the 2nd barrier part after forming said 2nd barrier part. 

[Claim 1 7] Said 1 st barrier part is the manufacture approach of the magnetic tunnel junction component according 

to claim 14 characterized by having the thickness more than the thickness of said 2nd barrier part. 

[Claim 18] Said 1st barrier part is the manufacture approach of the magnetic tunnel junction component according 
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to claim 16 characterized by being thicker than any of said 2nd barrier part, and a barrier part besides the above, or 
being equivalent. 

[Claim 1 9] Said 1 st ferromagnetic part is the manufacture approach of the magnetic tunnel junction component 
according to claim 1 4 characterized by being a ferromagnetic free part 

[Claim 20] The thickness of said 1st barrier part is the manufacture approach of the magnetic tunnel junction 
component according to claim 14 characterized by being 0.6nm or less. 

[Claim 21] At least one side among said 1st and 2nd barrier parts Chromium (Cr), Molybdenum (Mo), a tantalum (Ta), 
niobium (Nb). copper (Cu), Platinum (Pt), palladium (Pd), boron (B). carbon (C), aluminum (aluminum), A tungsten (W), 
silicon (Si), titanium (Ti), vanadium (V), The manufacture approach of the magnetic tunnel junction component 
according to claim 14 characterized by including at least one sort in the group which consists of a ruthenium (Ru), a 
rhenium (Re), a zirconium (Zr), and a gallium (Ga). 

[Claim 22] The manufacture approach of a magnetic tunnel junction component according to claim 14 that at least 
one side is characterized by including at least one sort in aluminum (aluminum), tantalum (Ta), nickel (nickel), 
titanium (Ti), hafnium (Hf), magnesium (Mg), silicon (Si), zirconium (Zr), and gallium (Ga) kana **** among said 1st 
and 2nd barrier parts. 

[Claim 23] The manufacture approach of a magnetic tunnel junction component according to claim 14 that thickness 
of said 2nd barrier part is characterized J>y being 0.4nm or less. 

[Claim 24] The manufacture approach of a magnetic tunnel junction component according to claim 16 that thickness 
of the maximum upper layer of a barrier part besides the above is characterized by being 0.4nm or less. 
[Claim 25] The thickness of said tunnel barrier part is the manufacture approach of the magnetic tunnel junction 
component according to claim 14 characterized by being 1.5nm or less. 

[Claim 26] Furthermore, the manufacture approach of the magnetic tunnel junction component according to claim 14 
characterized by including the process which heats said tunnel barrier part after forming said 2nd ferromagnetic 
part. 

[Claim 27] The manufacture approach of the magnetic tunnel junction component according to claim 26 
characterized by heat-treating at less than 300 degrees C at said heating process. 

[Claim 28] Said 1 st and 2nd ferromagnetic parts are the manufacture approaches of the magnetic tunnel junction 
component according to claim 14 characterized by including at least one sort in the group which consists of cobalt 
(Co), iron (Fe), and nickel (nickel). 

[Claim 29] Furthermore, the manufacture approach of the magnetic tunnel junction component according to claim 1 4 
characterized by including the process which forms an antiferromagnetism part so that either of said 1 st and 2nd 
ferromagnetic parts may be adjoined. 

[Claim 30] The magnetic tunnel junction component manufacture approach according to claim 14 characterized by 
including the process which forms the 1st ferromagnetic layer, a non-magnetic metal layer, and the 2nd 
ferromagnetic layer in order in the process which forms at least, one side among said 1st and 2nd ferromagnetic 
parts. 

[Claim 31] In the process which forms at least one side among said 1st and 2nd ferromagnetic parts The process 
which forms the 1 st and 2nd ferromagnetic layers and the non-magnetic metal layer pinched among them is 
included. This process The step which forms one ferromagnetic layer among said 1st and 2nd ferromagnetic layers 
using the ingredient containing cobalt (Co), a cobalt (Co) alloy, and a ferronickel (NiFe) alloy so that a tunnel barrier 
part may be adjoined, Into a ferronickel (NiFe) alloy or a ferronickel alloy, chromium (Cr), A tantalum (Ta), 
molybdenum (Mo), The manufacture approach of the magnetic tunnel junction component according to claim 14 
characterized by including the step which forms the ferromagnetic layer of another side among said 1 st and 2nd 
ferromagnetic layers using the alloy which comes to add at least one sort in the group which consists of niobium 
(Nb) and a zirconium (Zr). 

[Claim 32] Furthermore, the manufacture approach of the magnetic tunnel junction component according to claim 14 
characterized by including the process which forms the seed layer which has at least one sort in the group which 
consists of a tantalum (Ta), chromium (Cr), titanium (Ti), a nickel chromium (NiCr) alloy, and a nickel ferrochrome 
(NiFeCr) alloy. 

[Claim 33] Furthermore, the manufacture approach of the magnetic tunnel junction component according to claim 14 

characterized by including the process which forms the 1st and 2nd electric lead layers containing at least one sort 

in the group which consists of copper (Cu), aluminum (aluminum), and a ferronickel (NiFe) alloy. 

[Claim 34] said tunnel barrier part — resistance difference [abs(R+-R-)/] (R++R-) with bias voltage forward bias 

voltage and negative to the case of the range of 0 to 500mV in bias voltage The manufacture approach of the 

magnetic tunnel junction component according to claim 14 characterized by forming so that it may become less than 

3%. 

[Claim 35] The process which forms the 1st ferromagnetic part and the process which forms a tunnel barrier part 
and the 2nd ferromagnetic part on said 1st ferromagnetic part at this order are included. The process which the 
formation process of said tunnel barrier part forms the 1st barrier part which has the thickness of 0.6nm or less on 
said 1st ferromagnetic part, and is oxidized, The manufacture approach of the magnetic tunnel junction component 
characterized by including the process which forms the 2nd barrier part which has the thickness of 0.4nm or less on 
said 1st barrier part. 

[Claim 36] Said tunnel barrier partial formation process is the manufacture approach of the magnetic tunnel junction 
component according to claim 35 characterized by forming the 2nd barrier part which has the thickness of 0.4nm or 
less on the 1st [ after oxidation treatment / said ] barrier part, and including the process which carries out oxidation 
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treatment 

[Claim 37] The manufacture approach of a magnetic tunnel junction component according to claim 35 that at least 
one side is characterized by including at least one sort in the group which consists of aluminum (aluminum), a 
tantalum (Ta), nickel (nickel), titanium (Ti), a hafnium (Hf), magnesium (Mg), silicon (Si), a zirconium (Zr), and a 
gallium (Ga) among said 1 st and 2nd barrier part. 

[Claim 38] The manufacture approach of the magnetic tunnel junction component according to claim 35 
characterized by including the process which carries out heat-treatment of less than 5 hours at the temperature of 
less than 300 degrees C after forming said 2nd ferromagnetic part. 

[Claim 39] It is the magnetic tunnel junction mold head which detects the data magnetically recorded on the 
magnetic-recording medium using the magnetic tunnel junction component The 1st ferromagnetic layer, It is the 
magnetic tunnel junction mold head which is equipped with the tunnel barrier layer which touches on said 1st 
ferromagnetic layer, and the 2nd ferromagnetic layer which touches on said tunnel barrier layer, and is characterized 
by said tunnel barrier layer containing the 1st barrier layer by which it was oxidized, and the 2nd barrier layer. 
[Claim 40] The process which is the approach of manufacturing the magnetic tunnel junction mold head which 
detects the data magnetically recorded on the magnetic-recording medium using the magnetic tunnel junction 
component, and forms the 1st ferromagnetic part. The process which forms a tunnel barrier part and the 2nd 
ferromagnetic part on said 1st ferromagnetic part at this order is included. Said tunnel barrier partial formation 
process The manufacture approach of the magnetic tunnel junction mold head characterized by forming the 1st 
barrier part on said 1st ferromagnetic part and including the process to oxidize and the process which forms the 
2nd barrier part on the 1st [ after oxidation treatment / said ] barrier part. 

[Claim 41] It is the approach of manufacturing the magnetic tunnel junction mold head which detects the data 
magnetically recorded on the magnetic-recording medium using the magnetic tunnel junction component The 1st 
ferromagnetic part, The process which forms a tunnel barrier part and the 2nd ferromagnetic part in this order is 
included. The formation process of said tunnel barrier part The process which forms the 1st barrier part which has 
the thickness of 0.6nm or less on said 1 st ferromagnetic part and is oxidized. The manufacture approach of the 
magnetic tunnel junction mold head characterized by including the process which forms the 2nd barrier part which 
has the thickness of 0.4nm or less on the 1 st [ after oxidation treatment / said ] barrier part. 



[Translation done.] 
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OETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetic tunnel junction component which has the tunnel 
barrier layer which is excellent in homogeneity and symmetry especially, its manufacture approach, a magnetic 
tunnel junction mold head equipped with 'the magnetic tunnel junction component, and its manufacture approach 
about the magnetic tunnel junction (magnetic tunnel junction:MTJ) component which detects the data magnetically 
recorded on the magnetic-recording medium, its manufacture approach, a magnetic tunnel junction mold head 
equipped with the magnetic tunnel junction component, and its manufacture approach. 
[0002] 

[Description of the Prior Art] the former — anisotropy magnetic reluctance (Anisotropic Magneto-Resistance, 
following, AMR) — effective — it is — the magnetic-reluctance (Magneto-Resistive, following, MR) component 
based on the spin bulb (Spin-Valve, following, SV) effectiveness is widely used as a playback transducer 
(transducer) for reproducing a magnetic-recording medium. Such a MR component detects the leakage field 
produced by change of the signal recorded on the record medium using resistance change produced in the 
reproducing-head section which consists of a magnetic material. Magnetic-reluctance rate-of-change deltaR/R 
using the AMR effectiveness of MR component (namely, AMR component) is low, and, generally is about 1 - 3%. On 
the other hand, generally deltaR/R of SV component at the time of impressing the same magnetic field reaches to 2 
- 7%. The reproducing head using such a high sensitivity SV component can respond to very high recording density, 
and the recording density becomes several gigabits or more (several Gbits/in2 above, 1 Gbits/in2 **6.45 
Gbits/cm2) per 1 square inch. Therefore, it came to replace SV mold reproducing head with the AMR reproducing 
head gradually. 

[0003] Fundamental SV component has the structure where two ferromagnetic layers are separated by the non- 
magnetic layer as indicated by U.S. Pat. No. 5,159,513. Furthermore, with this SV component the switched 
connection layer (pinning layer) formed with the iron manganese (FeMn) alloy is formed so that one of two 
ferromagnetic layers may be adjoined, between the ferromagnetic layers which adjoin a switched connection layer 
and this — switched connection — being generated — the one direction of specification [ the magnetization 
direction of the ferromagnetic layer ] — strong — pinning — that is, it is fixed. The ferromagnetic layer to which 
this magnetization direction was fixed is called a strong magnetic pinned layer. The magnetization direction of the 
ferromagnetic layer of another side, i.e.. a ferromagnetic free layer, is freely rotated according to a small external 
magnetic field. With such an SV component, electric resistance increases and thereby comparatively high resistance 
rate of change (MR ratio) is obtained as the magnetization direction of two ferromagnetic layers changes from 
parallel to an anti-parallel condition. 

[0004] As a MR component of a different type from the above-mentioned AMR component and above-mentioned 
SV component there is a component using a tunnel magneto-resistive effect (Tunneling Magneto-Resistance, 
TMR). This is indicated by "the tunnel effect between ferromagnetic thin films" (225 "Tunneling Between 
Ferromagnetic Films", Physics Letters, 54A 1975) by Julliere. MR component using such TMR is known as a 
magnetic tunnel junction (Magnetic Tunnel Junction, MTJ) component or a magnetic-reluctance tunnel junction 
(Magneto-Resistive Tunnel Junction, MRTJ) component. The MTJ component as well as SV component has the 
structure which put the thin insulating layer by two ferromagnetic layers (electrode layer). One ferromagnetic layer 
is a strong magnetic pinned layer which has the magnetic moment fixed in the specific direction between two 
ferromagnetic layers, and another ferromagnetic layer is a ferromagnetic free layer (called a sense layer) which has 
the magnetic moment freely rotated according to an external magnetic field. Unlike SV component actuation of a 
MTJ component is called a CPP (current perpendicular to the plane) mold. That is, the sense current which flows a 
MTJ component flows perpendicularly to the thickness direction, i.e., the membrane formation side, of a cascade 
screen. This sense current is produced by impressing bias voltage to two ferromagnetic layers of a MTJ component. 
This sense current is acquired because an electron passes a tunnel barrier layer according to the tunnel effect For 
this reason, as for the tunnel barrier layer, electron tunneling has become thinly enough so that may be obtained. 
[0005] It depends for the process in which an electron passes an insulating layer in the spin polarization condition 
strongly. Namely, the sense current which flows a MTJ component is influenced in the spin polarization condition of 
two ferromagnetic layers (a strong magnetic pinned layer and ferromagnetic free layer), and the relative direction of 
the magnetic moment (the magnetization direction). Since two ferromagnetic layers show a different reaction to an 
external magnetic field, they can change the relative magnetization direction in these two ferromagnetic layers 
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according to an external magnetic field. 

[0006] A sense current's passage of the 1 st ferromagnetic layer spin-polarization-izes an electron, the 

magnetization direction of two ferromagnetic layers — mutual — anti the probability for electron tunneling 

which minded the tunnel barrier layer when **** to be obtained — falling — consequently, a sense current — 
flowing — being hard — the big bond resistance Rap is obtained. On the other hand, since the probability for 
electron tunneling to be obtained becomes high and a sense current becomes easy to flow when the magnetization 
direction of two ferromagnetic layers is mutually parallel, thereby, it is the small bond resistance Rp. It is obtained, 
the magnetization direction of both ferromagnetic layers — mutual — the middle condition of a condition [ **** ], 
i.e., an parallel condition and an anti-parallel condition, — bond resistance Rm Rap and Rp middle magnitude — 
becoming — Rap>Rm >Rp ** — the relation to say is obtained. If magnetic-reluctance rate of change (TMR ratio) is 
defined using these notations, it is deltaR/R= (Rap-Rp)/Rp. It can express. 

[0007] Like the magnetization transition in a magnetic-recording medium, arrangement of the relative magnetization 
direction of two ferromagnetic layers, i.e., an include angle, is influenced in an external magnetic field, and it changes. 
Since this relative include-angle change of the magnetization direction also influences the electric resistance of a 
MTJ component, output voltage changes. Therefore, it becomes possible by detecting the change of output voltage 
based on change of electric resistance, i.e., include-angle change of the relative magnetization direction, to detect 
change of an external magnetic field. Thus, a MTJ component can reproduce now information recorded on the 
magnetic-recording medium. 
[0008] 

[Problem(s) to be Solved by the Invention] The MTJ component reported before 1995 had only the low thing of the 
TMR effectiveness, and the TMR ratio under a room temperature was about about 1 - 2%. However, after the MTJ 
component which .will show 10% or more of high TMR ratio for the first time under a room temperature in 1 995 was 
discovered, expectation that a MTJ component was applicable to playback of a super-high density record medium 
grew, this — being related — Moodera ** — it was reported by the "ferromagnetic thin film tunnel junction which 
has big magnetic reluctance under a room temperature" ("Large Magnetoresistance at Room Temperature in 
Ferromagnetic Thin Film tunnel Junctions", Physics.Review.Letters, 74, 327, 1995) to depend. 

[0009] However, it was difficult the former to make the MTJ component suitable for practical use which shows high 
TMR ratio sufficient in the bottom of a room temperature. The main factors which obstruct application to the 
reproducing head are the points that junction resistance is large and a signal-to-noise (Signal to Noise, S/N) ratio 
falls with the conventional MTJ component. In order to raise surface recording density, contraction of the plane-of- 
composition product in a MTJ component is not avoided, but the factor of big junction resistance poses a serious 
problem inevitably. On the other hand, by "Magnetic Tunnel Junctions Within Situ Naturally-Oxidized Tunnel 
Barrier" (magnetic tunnel junction which has the tunnel barrier by the natural oxidation method) (Appl.Phys.Lett.71, 
3296 (1997)) by Tsuge and Mitsuzuka, if a resistance junction value is low, the phenomenon in which a TMR ratio 
becomes small is reported. 

[0010] As a problem produced with a MTJ component, there is a thing called a shot noise (noise produced in case 
an electron passes a tunnel barrier layer), and this leads to the fall of a S/N ratio. A shot noise is proportional to 
the junction resistance R and the square root of the sense current I. In detail, it is shown in the following (1) type. 
Here, Vrms and a frequency band are set to deltaf for a shot noise. In addition, among (1) type, e is quantum of 
electricity and is abbreviation 1.6x10-19 C (coulomb). 
[0011] 

Vrms =(2ande-I-deltaf) 0.5 and R ... (1) 

[0012] In order to obtain a S/N ratio high enough, it is necessary to reduce the junction resistance R. As this bond 
resistance R was shown in (2) types, it turns out that it changes exponentially to the square root of thickness d of a 
tunnel barrier layer, and obstruction height (energy gap) phi of a tunnel barrier layer. 
[0013] 

R**exp (d-phi 1/2) ... (2) 

[0014] (2) As shown in a formula, it is possible by making thickness d thin to reduce the junction resistance R. 
However, rf the thickness of a tunnel barrier layer decreases, a new problem may arise or the effect may increase. 
For example, when the thickness of a tunnel barrier layer is too thin, a pinhole will occur. This pinhole makes a 
tunnel barrier layer generate leakage current, and causes the problem of decreasing junction resistance and a S/N 
ratio. 

[0015] Furthermore, the problem [ d / of a tunnel barrier layer / thickness ] of being uneven also exists in the 
conventional MTJ component. On the oxide front face which is a top face of the tunnel barrier layer after 
oxidization, oxygen is mostly distributed rather than the base. For this reason, when bias voltage is impressed, an 
electrical property (for example, output voltage) shows asymmetry (asymmetry). Such asymmetry makes obstruction 
height (energy gap) phi of the direction which intersects perpendicularly with thickness d of a tunnel barrier layer 
change. 

[0016] As a problem relevant to a MTJ component, an electrostatic discharge (Electro Static Discharge, ESD) is 
mentioned. There is breakdown voltage in a MTJ component and it is usually about 1 50 volts (V). When the MTJ 
component has a showing [ asymmetry ] electrical property, the breakdown voltage of one direction of bias becomes 
lower than the direction of bias of another side. Therefore, since the breakdown voltage of a MTJ component 
becomes lower than the case where there is no asymmetry, by ESD, it leads to destruction of a MTJ component 
[0017] As other problems relevant to a MTJ component the time dependency (Time Dependence of Dielectric 
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Breakdown, TDDB) of dielectric breakdown is mentioned. Resistance of a tunnel barrier layer (namely, dielectric) will 
decrease with the passage of time for it not to be desirable. In this case, if the tunnel barrier layer is more 
homogeneous, the more the symmetry of the electrical property of a tunnel barrier layer is more excellent a certain 
forge fire, the more a tunnel barrier layer will be stabilized more with time. 

[0018] Furthermore, there is a problem whether rate of an excellent article sufficient at the time of mass production 
method of a MTJ component is secured as another problem relevant to a MTJ component. Usually, many MTJ 
components are formed on one wafer. Unless it is fixed in the direction in which the width of face, the thickness, or 
the obstruction height of a tunnel barrier layer crosses a wafer, many of produced MTJ components become 
inadequate [ output voltage or performance characteristics like a bond resistance ], and it does not meet Quality 
Control Standard Code. Therefore, in order to raise the ratio of the product to the rate of an excellent article, i.e., 
the total volume, of a MTJ component, a tunnel barrier layer is homogeneous and it is required for the electrical 
property to have symmetric property. 

[0019] This invention was made in view of this trouble, it shows high tunnel magnetic-reluctance rate of change, and 
the purpose is to provide the bottom of a room temperature with the magnetic tunnel junction component applicable 
to playback, its manufacture approach, the magnetic tunnel junction mold head, and its manufacture approach of a 
high density record medium while showing low junction resistance. 

[0020] The 2nd purpose of this invention is offering the magnetic tunnel junction component equipped with the 
tunnel barrier layer which has the electrical property which is excellent in symmetry, its manufacture approach, a 
magnetic tunnel junction mold head, and its manufacture approach. 

[0021] The 3rd purpose of this invention is offering a magnetic tunnel junction component excellent in ESD and 

TDDB, its manufacture approach, a magnetic tunnel junction mold head, and its manufacture approach. 

[0022] Furthermore, the 4th purpose of this invention is to offer the magnetic tunnel junction component which has 

the homogeneous tunnel barrier layer which can maintain the high rate of an excellent article at the time of mass 

production method, its manufacture approach, a magnetic tunnel junction mold head, and its manufacture approach 

[0023] 

[Means for Solving the Problem] The magnetic tunnel junction component of this invention is a magnetic tunnel 
junction component for detecting the impressed magnetic field. The 1st ferromagnetic layer, It is inserted into the 
2nd ferromagnetic layer, and these [ 1st ] and the 2nd ferromagnetic layer, and it has the tunnel barrier layer which 
is in contact with these two layers, and is made for this tunnel barrier layer to contain the 1st barrier layer to which 
oxidation treatment was given, and the 2nd barrier layer. 

[0024] With the magnetic tunnel junction component of this invention, since the tunnel barrier layer contains the 1st 
barrier layer by which it was oxidized, and the 2nd barrier layer, the tunnel barrier layer which has uniform insulation 
according to the thickness direction can be formed. 

[0025] It is desirable that oxidation treatment is performed to the 2nd barrier layer with the magnetic tunnel junction 
component of this invention. 

[0026] As for the 1st barrier layer, with the magnetic tunnel junction component of this invention, it is desirable to 
have the thickness more than the thickness of the 2nd barrier layer. By this, the tunnel barrier layer which has more 
uniform insulation can be formed. 

[0027] Furthermore, it is desirable to have other at least one-layer barrier layers on the 2nd barrier layer further 
with the magnetic tunnel junction component of this invention. 

[0028] With the magnetic tunnel junction component of this invention, the thickness of the 1st barrier layer is 
thicker than any of other barrier layers, or its equivalent thing is desirable. 

[0029] It is desirable for the 1st ferromagnetic layer to be a ferromagnetic free layer from which the magnetization 
direction changes with external magnetic fields freely with the magnetic tunnel junction component of this invention. 

[0030] As for the thickness of the 1st barrier layer, with the magnetic tunnel junction component of this invention, it 
is desirable that it is 0.6nm or less. 

[0031] With the magnetic tunnel junction component of this invention, among the 1st and 2nd barrier layers, at least 
one side Chromium (Cr), molybdenum (Mo), a tantalum (Ta), niobium (Nb), Copper (Cu). platinum (Pt), palladium (Pd), 
boron (B), carbon (C). It is desirable that it is a thing containing at least one sort in the group which consists of 
aluminum (aluminum), a tungsten (W), silicon (Si), titanium (Ti), vanadium (V), a ruthenium (Ru), a rhenium (Re), a 
zirconium (Zr), and a gallium (Ga). 

[0032] It is desirable for at least one side to be a thing containing at least one sort in the group which consists of 
aluminum (aluminum), a tantalum (Ta), nickel (nickel), titanium (Ti), a hafnium (Hf), magnesium (Mg). silicon (Si), a 
zirconium (Zr). and a gallium (Ga) among the 1st and 2nd barrier layers with the magnetic tunnel junction component 
of this invention. 

[0033] With the magnetic tunnel junction component of this invention, annealing treatment of the 2nd barrier layer 
may be carried out. 

[0034] As for the thickness of the 2nd barrier layer, with the magnetic tunnel junction component of this invention, 
it is desirable that it is 0.4nm or less. 

[0035] As for the thickness of a tunnel barrier layer, with the magnetic tunnel junction component of this invention, 
it is desirable that it is 1.5nm or less. 

[0036] the case where the bias voltage of the range of 0 to 500mV is impressed with the magnetic tunnel junction 
component of this invention — setting — resistance difference [abs(R+-R-)/] (R++R-) of the tunnel barrier layer of 
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forward bias voltage and negative bias voltage It is desirable that it is less than 3%. 

[0037] The manufacture approach of the magnetic tunnel junction component of this invention The process which is 
the approach of manufacturing the magnetic tunnel junction component for detecting the impressed magnetic field, 
and forms the 1 st ferromagnetic part The process which forms a tunnel barrier part and the 2nd ferromagnetic part 
in order on this 1st ferromagnetic part is included. The formation process of a tunnel barrier part The 1st barrier 
part is formed on the 1st ferromagnetic part, and it is made to include the process to oxidize and the process which 
forms the 2nd barrier part on this 1st barrier part. 

[0038] By the manufacture approach of the magnetic tunnel junction component of this invention, since the 1st 
barrier part is formed and it was made to include the process to oxidize and the process which forms the 2nd 
barrier part on this 1st barrier part, the tunnel barrier part which has uniform insulation according to the thickness 
direction can be formed. 

[0039] After forming the 2nd barrier part on the 1st [ after oxidation treatment ] barrier part, you may make it 
include the process which carries out oxidation treatment by the manufacture approach of the magnetic tunnel 
junction component of this invention. In this case, the tunnel barrier part which has uniform insulation according to 
the thickness direction further can be formed. 

[0040] After forming the 2nd barrier part, you may make it include further the process which forms other barrier 
parts of at least one layer on the 2nd ba/rier part in a tunnel barrier partial formation process by the manufacture 
approach of the magnetic tunnel junction component of this invention. 

[0041] As for the 1st barrier part, by the manufacture approach of the magnetic tunnel junction component of this 
invention, it is desirable to have the thickness more than the thickness of the 2nd barrier part 
[0042] By the manufacture approach of the magnetic tunnel junction component of this invention, the 1st barrier 
part is thicker than any of the 2nd barrier part and other barrier parts, or its equivalent thing is desirable. 
[0043] By the manufacture approach of the magnetic tunnel junction component of this invention, the 1 st 
ferromagnetic part may be a ferromagnetic free part. 

[0044] As for the thickness of the 1 st barrier part, by the manufacture approach of the magnetic tunnel junction 
component of this invention, it is desirable that it is 0.6nm or less. 

[0045] By the manufacture approach of the magnetic tunnel junction component of this invention At least one side 
among the 1 st and 2nd barrier parts Chromium (Cr), Molybdenum (Mo), a tantalum (Ta), niobium (Nb), copper (Cu). 
Platinum (Pt), palladium (Pd), boron (B), carbon (C), aluminum (aluminum). It is desirable to include at least one sort 
in the group which consists of a tungsten (W). silicon (Si), titanium (Ti), vanadium (V), a ruthenium (Ru), a rhenium 
(Re), a zirconium (Zr), and a gallium (Ga). 

[0046] It is desirable for at least one side to contain at least one sort in the group which consists of aluminum 
(aluminum), a tantalum (Ta), nickel (nickel), titanium (Ti), a hafnium (Hf), magnesium (Mg), silicon (Si), a zirconium 
(Zr), and a gallium (Ga) among the 1st and 2nd barrier parts by the manufacture approach of the magnetic tunnel 
junction component of this invention. - - >' **" 

[0047] It is desirable for the thickness of the 2nd barrier part to be 0.4nm or less by the manufacture approach of 
the magnetic tunnel junction component of this invention. 

[0048] It is desirable for the thickness of the maximum upper layer of other barrier parts to be 0.4nm or less by the 
manufacture approach of the magnetic tunnel junction component of this invention. 

[0049] As for the thickness of a tunnel barrier part, by the manufacture approach of the magnetic tunnel junction 
component of this invention, it is desirable that it is 1.5nm or less. 

[0050] After forming the 2nd ferromagnetic part by the manufacture approach of the magnetic tunnel junction 
component of this invention, it is desirable to include the process which heats said tunnel barrier part. 
[0051] As for a heating process, by the manufacture approach of the magnetic tunnel junction component of this 
invention, it is desirable to heat-treat at less than 300 degrees C. 

[0052] As for the 1 st and 2nd ferromagnetic parts, by the manufacture approach of the magnetic tunnel junction 
component of this invention, it is desirable to include at least one sort in the group which consists of cobalt (Co), 
iron (Fe), and nickel (nickel). 

[0053] It is desirable to include the process which forms an antiferromagnetism part further by the manufacture 
approach of the magnetic tunnel junction component of this invention so that either of the 1st and 2nd 
ferromagnetic parts may be adjoined. 

[0054] It is desirable to include the process which forms the 1st ferromagnetic layer, a non-magnetic metal layer, 
and the 2nd ferromagnetic layer in order by the manufacture approach of the magnetic tunnel junction component of 
this invention in the process which forms at least one side among the 1st and 2nd ferromagnetic parts. 
[0055] By the manufacture approach of the magnetic tunnel junction component of this invention In the process 
which forms at least one side among the 1 st and 2nd ferromagnetic parts The process which forms the 1 st and 2nd 
ferromagnetic layers and the non-magnetic metal layer pinched among them is included. This process The step 
which forms a ferromagnetic layer using the ingredient containing cobalt (Co), a cobalt (Co) alloy, and a ferronickel 
(NiFe) alloy so that a tunnel barrier layer may be adjoined. Into a ferronickel (NiFe) alloy or a ferronickel alloy, 
chromium (Cr), It is desirable to include the step which forms other ferromagnetic layers using the alloy which 
comes to add at least one sort in the group which consists of a tantalum (Ta), molybdenum (Mo), niobium (Nb), and a 
zirconium (Zr). 

[0056] It is desirable to include the process which forms the seed layer which has at least one sort in the group 
which consists of a tantalum (Ta), chromium (Cr), titanium (Ti), a nickel chromium (NiCr) alloy, and a nickel 
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ferrochrome (NiFeCr) alloy by the manufacture approach of the magnetic tunnel junction component of this 
invention. 

[0057] It is desirable to include the process which forms the 1st and 2nd electric lead layers which contain at least 
one sort in the group which consists of copper (Cu), aluminum (aluminum), and a ferronickel (NiFe) alloy by the 
manufacture approach of the magnetic tunnel junction component of this invention. 

[0058] the manufacture approach of the magnetic tunnel junction component of this invention — a tunnel barrier 
part — resistance difference [abs(R+-R-)/] (R++R-) with bias voltage forward bias voltage and negative to the case 
of the range of 0 to 500mV in bias voltage It is desirable to form so that it may become less than 3%. 
[0059] The manufacture approach of the magnetic tunnel junction component of this invention The process which 
forms the 1st ferromagnetic part, and the process which forms a tunnel barrier part and the 2nd ferromagnetic part 
on this 1st ferromagnetic part at this order are included. The formation process of a tunnel barrier part forms the 
1st barrier part which has the thickness of 0.6nm or less on the 1st ferromagnetic part, and it is made to include the 
process to oxidize and the process which forms the 2nd barrier part which has the thickness of 0.4nm or less on 
this 1st barrier part. 

[0060] By the manufacture approach of the magnetic tunnel junction component of this invention, since the 1st 
barrier part is formed and it was made to include the process to oxidize and the process which forms the 2nd 
barrier part on this 1st barrier part the tunnel barrier part which has uniform insulation according to the thickness 
direction can be formed. 

[0061] It is desirable to form the 2nd barrier part to which the formation process of a tunnel barrier part has the 
thickness of 0.4nm or less on the 1st [ after oxidation treatment ] barrier part by the manufacture approach of the 
magnetic tunnel junction component of this invention, and to include the process which carries out oxidation 
treatment. 

[0062] It is desirable for at least one side to contain at least one sort in the group which consists of aluminum 
(aluminum), a tantalum (Ta), nickel (nickel), titanium (Ti), a hafnium (Hf), magnesium (Mg), silicon (Si), a zirconium 
(Zr), and a gallium (Ga) among the 1st and 2nd barrier part by the manufacture approach of the magnetic tunnel 
junction component of this invention. 

[0063] After forming the 2nd ferromagnetic part by the manufacture approach of the magnetic tunnel junction . 
component of this invention, it is desirable to include the process which carries out heat-treatment of less than 5 
hours at the temperature of less than 300 degrees C. 

[0064] The magnetic tunnel junction mold head of this invention is a magnetic tunnel junction mold head which 
detects the data magnetically recorded on the magnetic-recording medium using the magnetic tunnel junction 
component. The 1st ferromagnetic layer. It has the structure where the laminating of a tunnel barrier layer and the 
2nd ferromagnetic layer was carried out to order, and is made for a tunnel barrier layer to contain the 1st barrier 
layer by which it was oxidized, and the 2nd barrier layer. 

[0065] With the magnetic tunnel junction mold head of this invention, since the tunnel barrier layer contains the 1st 
barrier layer by which it was oxidized, and the 2nd barrier layer, the tunnel barrier layer which has uniform insulation 
according to the thickness direction can be formed. 

[0066] The manufacture approach of the magnetic tunnel junction mold head of this invention The process which is 
the approach of manufacturing the magnetic tunnel junction mold head which detects the data magnetically 
recorded on the magnetic-recording medium using the magnetic tunnel junction component, and forms the 1st 
ferromagnetic part. The process which forms a tunnel barrier part and the 2nd ferromagnetic part on the 1st 
ferromagnetic part at this order is included. The formation process of a tunnel barrier part The 1st barrier part is 
formed on the 1 st ferromagnetic part, and it is made to include the process to oxidize and the process which forms 
the 2nd barrier part on the 1st [ after oxidation treatment ] barrier part 

[0067] The manufacture approach of the magnetic tunnel junction mold head of this invention The process which is 
the approach of manufacturing the magnetic tunnel junction mold head which detects the data magnetically 
recorded on the magnetic-recording medium using the magnetic tunnel junction component and forms the 1st 
ferromagnetic part. The process which forms a tunnel barrier part and the 2nd ferromagnetic part on this 1st 
ferromagnetic part at this order is included. The formation process of a tunnel barrier part It is made to include the 
process which forms the 1st barrier part which has the thickness of 0.6nm or less on the 1st ferromagnetic part 
and forms the 2nd barrier part which has the thickness of 0.4nm or less on the process to oxidize and the 1st 
[ after oxidation treatment ] barrier part. 

[0068] By the manufacture approach of the magnetic tunnel junction mold head of this invention, in a tunnel barrier 
partial formation process, the 1 st barrier part is formed, and since it was made to include the process to oxidize and 
the process which forms the 2nd barrier part on the 1st [ after oxidation treatment ] barrier part, the tunnel barrier 
layer which has uniform insulation according to the thickness direction can be formed 
[0069] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with reference to a 
drawing. 

[0070] [The gestalt of the 1st operation] 

<the configuration of a MTJ component and a MTJ head> — the configuration of the magnetic tunnel junction mold 
(MTJ) head which contains the magnetic tunnel junction (MTJ) component concerning the gestalt of operation of 
this invention and this MTJ component with reference to drawin g 1 and drawin g 2 first is explained collectively. 
[0071] Drawing 1 is the top view of the MTJ head 1 containing the MTJ component 70 concerning the gestalt of this 
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operation. Drawing 2 is the fragmentary sectional view of the MTJ head 1 containing the MTJ component 70 of 
drawing 1 . 

[0072] The MTJ head 1 has the structure where the laminating of the lower electrical-and-electric-equipment lead 
layer 10, the MTJ component 70, an insulating layer 50, and the up electrical-and-electric-equipment lead layer 60 
was carried out to order, on the substrate 9. Here, the MTJ component 70 was laid under the insulating layer 50, the 
lower front face of the TMR component 70 touched the lower electrical-and-electric-equipment lead layer 10, and, 
on the other hand, the up front face is in contact with the up electrical-and-electric-equipment lead layer 60. The 
lower electrical-and-electric-equipment lead layer 10 and the up electrical-and-electric-equipment lead layer 60 
achieve the function as a current path to pass a sense current in the direction perpendicular to a laminating side, to 
the MTJ component 70. An insulating layer 50 is for insulating electrically the lower electrical-and-electric- 
equipment lead layer 10 and the up electrical-and-electric-equipment lead layer 60. 

[0073] The MTJ component 70 by the gestalt of this operation is for reading the information written in the 
magnetic-recording medium which does not demonstrate and illustrate a tunnel magneto-resistive effect and has a 
laminated structure as shown in draw ing 2 . The lower electrical-and-electric-equipment lead layer 10 is touched, 
the lower electrode layered product 20 is formed, and the laminating of the tunnel barrier layer 30 and the up 
electrode layered product 40 is carried out to order on it Both the lower electrode layered products 20 and up 
electrode layered products 40 that adjoiw each other on both sides of the tunnel barrier layer 30 contain the 
ferromagnetic layer. As shown in drawing 2 , the lower electrode layered product 20 formed on the up front face of 
the lower electricahand-electric-equipment lead 10 contains the seed layer 22 and the ferromagnetic free layer 24 
formed on the seed layer 22. The seed layer 22 is a non-magnetic layer, and raises the magnetic properties of the 
ferromagnetic free layer 24, and crystallinity. 

[0074] The up electrode layered product 40 has the structure where the strong magnetic pinned layer 42, the 
antiferromagnetism layer (called a switched connection layer) 44, and the protective layer 46 were formed in order. 
A strong magnetic pinned layer 42 is also called the fixed bed. Even if, as for this, the external magnetic field of a 
certain direction is impressed to a MTJ component it is because rotation of the magnetic moment in a strong 
magnetic pinned layer 42 is barred by the antiferromagnetism layer 44 and the magnetization direction is being fixed. 
Also where the magnetic moment of the ferromagnetic free layer 24 was not fixed, therefore a magnetic field is 
impressed in the predetermined range on the other hand, the magnetic moment can be rotated freely. Here, as for 
the magnetization direction 43 of a strong magnetic pinned layer 42, it is desirable to double in parallel to an 
external magnetic field. The magnetization direction 23 of the ferromagnetic free layer 24 is in a condition without 
an external magnetic field, and it is desirable to be perpendicularly located to the magnetization direction 43 of a 
strong magnetic pinned layer 42. 

[0075] A sense current flows toward the lower electrical-and-electric-equipment lead layer 10 from the up 
electncal-and-electric-equipment lead layer 60. Therefore, it passes perpendicularly to a laminating side in order of 
a protective layer 46, the antiferromagnetism layer 44, a strong magnetic pinned layer 42, the tunnel barrier layer 30, 
the ferromagnetic free layer 24, the seed layer 22, and the lower electrical-and-electric-equipment lead layer 10. 
The amount of the flowing tunnel current depends for the tunnel barrier layer 30 in the magnetization direction of 
the magnetization direction 23 of the ferromagnetic free layer 24, and the magnetization direction 43 of a strong 
magnetic pinned layer 42 of two ferromagnetic layers which are separated by the tunnel barrier layer 30 and adjoin 
it, Le., the relative direction. Thus, the current path is formed in the lower electrical-and-electric-equipment lead 
layer 10 from the top electrical-and-electric-equipment lead 60 at the MTJ component 

[0076] By the magnetic field from a magnetic-recording medium, the magnetization direction 23 is rotated so that it 
may become parallel or anti-parallel in the magnetization direction 43. By this, the relative orientation of the 
magnetic moment of two ferromagnetic layers 24, i.e., a ferromagnetic free layer, and a strong magnetic pinned layer 
42 changes, and the amount of tunnel current also changes further. Therefore, the junction resistance of the MTJ 
component 70 changes, and this resistance change is detected as output voltage change, and is changed into 
playback data by for example, the magnetic-disk driving gear (not shown). 

[0077] Drawing 3 is the sectional view of MTJ head 1* showing the modification of the MTJ component in the gestalt 
of the 1 st operation shown in drawing 2 . This MTJ component is equipped with strong magnetic pinned layer 42* 
below tunnel barrier layer 30\ "'" was substantially attached and displayed on the same component as the 
component of the gestalt of the 1st operation shown in drawing 1 at the same sign. It is the description that the 
template layer 25 is formed [ which was shown in drawing 2 ] between seed layer 22' and antiferromagnetism layer 
(pinning layer) 44' in addition to the component of the gestalt of the 1st operation. Ferromagnetic free layer 24' is 
one example of "the 2nd feiro magnetic layer" of this invention, and strong magnetic pinned layer 42* is one example 
of "the 1 st ferromagnetic layer" of this invention. 

[0078] The Manufacture approach of a MTJ head>, next the above-mentioned manufacture approach of a magnetic 
tunnel junction mold (MTJ) head are explained. In addition, the manufacture approach of the magnetic tunnel 
junction (MTJ) component concerning the gestalt of this operation is also explained collectively. 
[0079] With reference to drawing 1 , drawing 2 . and drawing 4 , the manufacture approach of the MTJ head 1 and 
the MTJ component 70 is explained. Drawing 4 is the sectional view having expanded and shown each class of 
MTJ 70. 

[0080] First, after forming the insulating layer (not shown) which consists of an alumina etc. by sputtering etc. on a 
base 9, the lower electrical-and-electric-equipment lead layer 10 which consists of structure which carried out the 
laminating of the structure which carried out the laminating of two or more conductive non-magnetic materials, for 
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example, a tantalum, (Ta), copper (Cu), and the tantalum to order is formed on this insulating layer. Next, while 
forming the TMR component 70 in the part on the lower electricahand-electric-equipment lead layer 10. as the 
perimeter field of the TMR component 70 is embedded, the insulating layers 50, such as an alumina (aluminum 203), 
are formed on the lower electrical-and-electric-equipment lead layer 10. The up electrical-and-electric-equipment 
lead layer 60 which consists of structure which carried out the laminating of a tantalum, copper, and the tantalum to 
order is formed by sputtering etc. so that the TMR component 70 and an insulating layer 50 may be covered after 
this. 

[0081] Formation of the MTJ head equipped with the current path (the lower electrical-and-electric-equipment lead 
layer 10 and up electrical-and-electric-equipment lead layer 60) for passing a sense current in the direction 
perpendicular to a laminating side by the above to the TMR component 70 using a tunnel magneto-resistive effect 
and the TMR component 70 for magnetic-recording medium playback is completed. 

[0082] Here, the TMR component 70 is formed as follows, for example. As shown in drawing 2 , the seed layer 22 is 
formed by sputtering etc. on the lower electrode lead layer 10. As for the seed layer 22. it is desirable to be formed 
with the ingredient chosen from the group which consists of a tantalum, chromium (Cr), titanium (Ti), a nickel 
chromium (NiCr) alloy, and a nickel ferrochrome (NiCrFe) alloy. On the seed layer 22, the ferromagnetic free layer 24 
which consists of a ferromagnetic layer is formed by sputtering etc. The ferromagnetic free layer 24 In this case, for 
example, the 1st ferromagnetic containing the high ingredient of spin polarization nature, such as cobalt (Co), a 
cobalt alloy, and a ferronickel (NiFe) alloy, It is desirable that it is the structure of having the 2nd ferromagnetic 
containing the ingredient which are low magnetization, such as a ferronickel (NiFe) alloy and a NiFeX alloy (X= 
chromium (Cr), a tantalum (Ta), molybdenum (Mo), niobium (Nb), zirconium (Zr)), and low coercive force. Thus, the 
lower electrode layered product 20 is formed on the lower electrode lead layer 1 0. 

[0083] Then, the tunnel barrier layer 30 is formed by forming a metal layer etc. by sputtering etc. on the lower 
electrode layered product 20, and oxidizing a metal layer for this for example, by the natural oxidation method (the 
so-called in situ law). The manufacture approach of the tunnel barrier layer 30 is explained in full detail behind. 
[0084] After forming the tunnel barrier layer 30, the laminating of the magnetic layers, such as non-magnetic layers, 
such as magnetic layers, such as a CoFe alloy, and a ruthenium (Ru), and a CoFe alloy, is carried out to order, and a 
strong magnetic pinned layer 42 is formed. In addition, as for a strong magnetic pinned layer 42, it is desirable to 
have the structure in which two ferromagnetic layers are carrying out antiferromagnetism association on both sides 
of the non-magnetic metal layer chosen from the group which consists of others, a rhenium (Re), a rhodium (Rh), 
copper, chromium, etc. [ ruthenium ] Subsequently, the antiferromagnetism layer 44 which consists of a platinum 
manganese (PtMn) alloy etc. is too formed by sputtering etc. Switched connection arises in the interface of a strong 
magnetic pinned layer 42 and the antiferromagnetism layer 44, and the sense of the magnetization in a strong 
magnetic pinned layer 42 is fixed. Finally, the protective layer 46 which consists of a tantalum is formed on the 
antiferromagnetism layer 44. In this way, formation of the TMR component 70 is completed. In addition, the 
ferromagnetic free layer 24 is one example of "the 1st ferromagnetic layer" of this invention, and a strong magnetic 
pinned layer 42 is one example of "the 2nd ferromagnetic layer" of this invention. 

[0085] And it is a modification in the gestalt of the 1st operation, the manufacture approach of MTJ component 70 T 
is explained below with reference to drawing 3 and drawing 5 . Drawing 5 is the sectional view having expanded and 
shown each class of MTJ70'. Here, it omits [ what / has the name same among the components of MTJ component 
70' as the MTJ component 70 ] suitably about a concrete process and a name. In addition, since it is substantially 
[ as the manufacture approach of the MTJ head 1 ] the same, the MTJ head V manufacture approach about 
components other than MTJ component 70' is omitted. 

[0086] MTJ component 70' is formed as follows, for example. As shown in drawing 3 , seed layer 22 T is formed by 
sputtering etc. on the lower electrode lead layer 10. On seed layer 22', the template layer 25 which consists of a 
tantalum, chromium, titanium, a NiCr alloy, or a NiCrFe alloy by sputtering etc. is formed. Furthermore, lower 
electrode layered product 20' by which the laminating of seed layer 22', the template layer 25, antiferromagnetism 
layer 44\ and strong magnetic pinned layer 42' was carried out to order is formed by forming antiferromagnetism 
layer 44' and strong magnetic pinned layer 42' in order. Then, tunnel barrier layer 30* is formed on lower electrode 
layered product 20*. After forming tunnel barrier layer 30', up electrode layered product 40' is formed by forming 
ferromagnetic free layer 24' and protective layer 46'. In this way, MTJ component 70' completion of is done. 
[0087] In order to raise the TMR ratio of the oxidation style of a tunnel barrier layer, and the <evaluation> MTJ 
component 70 and to also improve a S/N ratio, especially the method of using the seed layer 22 and reducing the 
surface roughness of the lower electrode layered product 20 is desirable. Moreover, the tunnel barrier layer 30 
carries out the laminating of the film formed with the aluminum film or other ingredients under low temperature, and 
can form it by oxidizing by the plasma, such junction resistance of the MTJ component 70 — the cross section — 
200x300micrometer2 it is — a case — hundreds of ohms to several 10 — it becomes the range of K omega. 
[0088] In order to improve the S/N ratio of the MTJ component 70, the thickness of the tunnel barrier layer 30 is 
reduced and how to lower junction resistance is also considered. At this time, the tunnel barrier layer 30 is formed 
by oxidizing the aluminum film. Instead of the aluminum film, or chromium, molybdenum, a tantalum, Niobium, copper, 
platinum (Pt), palladium (Pd), boron (B), carbon (C), Aluminum, a tungsten (W), silicon (Si), titanium, vanadium (V), It 
is also possible to apply what oxidized the metal layer containing at least one of the groups which consist of a 
ruthenium, a rhenium, a zirconium, and a gallium (Ga), and the nonmetal layer to the tunnel barrier layer 30. 
[0089] Drawing_6 is the fragmentary sectional view of the MTJ component 170 containing the tunnel barrier layer 
130 of the monolayer formed by the conventional single oxidizing method. The laminating of the barrier 130 is 



http://www4.ipdl.jpo.go jp/cgi-bin/tranjveb_cgLejje 



2004/03/29 



THIS PAGE BLANK (uspto) 



8/14 ^—v 



carried out on the ferromagnetic free layer 124, and the laminating of the strong magnetic pinned layer 142 is 
carried out further. As shown in drawin g 6 , the thickness changes greatly with laminating plane field places, and the 
tunnel barrier layers 130 obtained by the single oxidizing method is often quite uneven. Furthermore, whenever 
[ distribution / of the oxygen in the thickness direction ] differ greatly. Thus, with the MTJ component 1 70 which 
has the uneven tunnel barrier layer 130, the asymmetry (asymmetry) in electrical properties, such as relation 
between a sense current and bias voltage, becomes remarkable. 

[0090] On the other hand, with the gestalt of operation of the 1st of this invention, as shown in drawing 7 , the 
laminating of two or more metal layers or nonmetal layers is carried out continuously, and the tunnel barrier layer 30 
of the MTJ component 70 is formed by oxidizing. By this approach, the display flatness of the tunnel barrier layer 
30, i.e., the homogeneity of thickness, can improve, and the homogeneous high tunnel barrier layer 30 of thickness 
can be formed rather than the tunnel barrier layer 130 by the single oxidizing method. If display flatness is improved, 
while thin thickness parts will decrease in number to the local target leading to a pinhole, the thickness of an 
effective tunnel barrier layer will increase. Therefore, a TMR ratio and junction resistance increase. That is. since 
the danger of pinhole generating decreased, the average of the thickness of the tunnel barrier layer 30 can be 
lowered, and therefore, junction resistance can be reduced, with the conventional TMR ratio maintained (a S/N ratio 
can be raised). 

[0091] The formation approach of MTJ 70 which contains the tunnel barrier layer 30 concerning the gestalt of 
operation of the 1st of this invention hereafter is explained to a detail with reference to drawing 7 . 
[0092] The compound oxidation style which is the gestalt of the 1st operation will be called "an oxidation style I " 
Drawing 7 is the schematic drawing of the MTJ component 70 containing the tunnel barrier layer 30 formed by the 
oxidizing method I. After the tunnel barrier layer 30 forms the 1st barrier layer 32 on the ferromagnetic free layer 24, 
it is oxidized, and it is obtained by [ which carried out the laminating further on the 1st barrier layer 32 after 
oxidizing the 2nd barrier layer 34 ] carrying out after oxidation treatment. In this oxidation style I, after an oxidation 
style I forms an aluminum layer on the ferromagnetic free layer 24, it is oxidized, and forms the 1 st barrier layer 32 
which consists of an aluminum oxide (AlOx), for example so that it can also be called a two-step oxidation style. 
Then, when it forms on the 1st barrier layer 32 after oxidizing an aluminum layer too and this also oxidizes for 
example, the 2nd barrier layer 34 is formed. In this case, the two oxidizing-zones, i.e., the 1st, and 2nd barrier layers 
32 and 34 form the homogeneous AlOx layer 30 of one **. i.e.. a tunnel barrier layer. Then, it is formed on the tunnel 
barrier layer 30 which a strong magnetic pinned layer 42 turns into from an AlOx layer. Naturally, the 1st and 2nd 
barrier layers 32 and 34 may be formed by oxidizing other metals and nonmetal layers instead of the above- 
mentioned aluminum layer. For example, the tunnel barrier layer 30 may also contain at least one sort in the group 
which consists of chromium, molybdenum, a tantalum, niobium, copper, platinum, palladium, boron, carbon, a 
tungsten, silicon, titanium, vanadium, a ruthenium, a rhenium, a zirconium, and a gallium. However, as for the tunnel 
barrier layer 30, it is more desirable that at least one sort in aluminum, a tantalum, nickel, titanium, a hafnium (Hf), 
magnesium (Mg), silicon, a zirconium, and a gallium is included. 

[0093] The oxidation style I which is a two-step oxidation style can be further divided into the following two 
patterns. That is, it is two, the pattern (it is called the oxidizing method 1-1) whose thickness t1 of the 1st barrier 
layer 32 is less than [ of the 2nd barrier layer 34 / thickness t2 ], and a pattern (it is called an oxidation style 1-2) 
with the thickness t1 of the 1 st barrier layer 32 thicker than the thickness t2 of the 2nd barrier layer 34. 
[0094] The case where the multilayer tunnel barrier layer 30 whose whole thickness tO is 0.5nm is formed as an 
example of an oxidation style 1-2 (t1> t2) is explained. First, the laminating of the aluminum film (1 st barrier layer 32 
before oxidation treatment of t1=0.3nm) with a thickness of 0.3nm is carried out on the 1st ferromagnetic free layer 
24 within a chamber by sputtering. The inside of a chamber is exhausted with a pump and the 1st AlOx film (1st 
barrier layer 32) is formed by exposing the aluminum film (1st barrier layer 32 before oxidation treatment) to pure 
oxygen or the oxygen plasma after that. Then, thickness carries out the laminating of the 2nd aluminum film (2nd 
barrier layer 34 before oxidation treatment which is t2=0.2nm) which is 0.2nm on the 1st AlOx film. The inside of a 
chamber is again exhausted with a pump, and AlOx / "aluminum" film is exposed to pure oxygen or the oxygen 
plasma, and is oxidized. The high tunnel barrier layer 30 of the display flatness which consists of carrying out like 
this by the "AlOx/AlOx" film is obtained. 

[0095] Although explained in full detail behind, the MTJ component 70 formed by the oxidation style I maintains a 
TMR ratio, and shows low junction resistance relatively compared with a single oxidation style. As for thickness t1, 
in the case of an oxidation style I. it is desirable to be 0.6nm or less and for thickness t2 to be less than [ thickness 
t1 ]. 

[0096] In addition, in the gestalt of this operation, the laminating of the tunnel barrier layer 30 is carried out on the 
ferromagnetic free layer 24, and it is [ a strong magnetic pinned layer 42 ] desirable that a laminating is carried out 
on the tunnel barrier layer 30. Furthermore, as for the thickness of the tunnel barrier layer 30, it is desirable that it 
is 1.5nm or less. 

[0097] Next while producing MTJ component 70A equipped with tunnel barrier layer 30A by the oxidizing method I- 
1 so that the thickness (total thickness t0=t1+ t2) of the sum total of the 1st barrier layer 32 before oxidation 
treatment and the 2nd barrier layer 34 might serve as a predetermined value, by the oxidizing method 1-2, MTJ 
component 70B equipped with tunnel barrier layer 30B was produced, and both property comparison was performed. 
In addition, evaluation with the same said of MTJ 170 by the conventional single oxidation style as an example of a 
comparison was performed. 

[0098] Drawing 8 is the explanatory view showing the relation of the junction resistance R and the total thickness tO 
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in MTJ component 70B formed by MTJ component 70A and the oxidation style 1-2 which were formed by the 
oxidation style 1-1. Here, both used the aluminum film as the 1st barrier layer 32A and 32B before oxidation 
treatment, and 2nd barrier layer 34A and 34B. The result about the MTJ component 170 equipped with the tunnel 
barrier layer 130 by the conventional single oxidizing method as an example of a comparison was also shown 
collectively. In drawin gj* , an axis of ordinate shows a bond resistance R (omega), and the total thickness tO of the 
aluminum which is the sum total of the thickness tl of the 1st barrier layer 32 before oxidation treatment whose 
axis of abscissa forms tunnel barrier layer 30A, and the thickness t2 of the 2nd barrier layer 34 before oxidation 
treatment (nm) is shown. In addition, in the tunnel barrier layer 130, it is shown on an axis of abscissa using the 
aluminum film of a monolayer, using the thickness as tO. 

[0099] In drawing^ , the curve shown by "**" shows the property of the bond resistance R of the MTJ component 
170 with the tunnel barrier layer 130 formed by the conventional single oxidizing method. "**" showed what is 
similarly depended on an oxidation style 1-1, and "-" showed what is depended on an oxidation style 1-2. 
[0100] According to drawing 8 , it is natural, but if thickness tO decreases, the junction resistance R will decrease. 
For example, when the monolayer of 0.7nm aluminum is oxidized with a single oxidation style, resistance is 44.5ohms, 
but when a 0.5nm aluminum monolayer is oxidized, resistance is only 1.4ohms. This inclination is checked also in 
which oxidation style. However, if the junction resistance R in the same thickness tO is compared, it changes with 
oxidation styles. Also in which thickness.tO, the lowest junction resistance R is shown, and a single oxidation style 
shows the high junction resistance R continuously in order of an oxidation style 1-2 and an oxidation style 1-1. 
[°101] DrawingJ shows the result of having investigated change of a TMR ratio, about the MTJ components 70A 
and 70B used by drawing 8 . A TMR ratio (%) is shown on an axis of ordinate, and the total thickness tO of tunnel 
barrier layer 30A and the aluminum film which is the sum total of the thickness t1 of the 1st barrier layer 32A and 
34B before oxidation treatment to carry out and the thickness t2 of the 2nd barrier layer 34A and 34B before 
oxidation treatment 30B formation (nm) is shown on an axis of abscissa like drawing 8 . It illustrated collectively also 
about the results of an investigation of the MTJ component 1 70 by the conventional single oxidation style. In 
addition, in the tunnel barrier layer 130, it is shown on an axis of abscissa using the aluminum film of a monolayer, 
using the thickness as tO. 

[0102] If thickness tO decreases from 0.7nm to 0.5nm in the case of the single oxidation style shown by "**" as 
shown in dra_w[ng 9 , according to this, a TMR ratio will decrease from 27% to 5.4%. This means that it is difficult to 
maintain a high TMR ratio according to the process which forms the tunnel barrier layer 130 of a monolayer by 
oxidation treatment once, i.e., a single oxidation style, when the thickness of the aluminum layer to which oxidation 
treatment is performed is thin. If a TMR ratio falls, naturally, the output voltage of a MTJ component or a MTJ head 
will decline, and, thereby, a S/N ratio will also deteriorate. In addition, the MTJ component used for drawing 8 and 
dra.Yvin&i has laminated structures, such as "a tantalum (5nm) / NiFe alloy (5nm) / CoFe alloy (2nm) / AIOx(being 
two-layer or monolayer 0.5-0.7nm)/CoFe alloy (3nm) / PtMn alloy (30nm) / tantalum." Here, the inside of a 
parenthesis shows the thickness of each class. ' 

[0103] the MTJ component 170 formed with the single oxidation style as shown in drawing 8 and drawing 9 — the 
total — in the case of thickness t0=0.5nm, 5.4% of TMR ratio and the junction resistance R of 1.3 ohms are shown. 
MTJ component 70B by the oxidation style 1-2 shown by "-" on the other hand — the total — in thickness 
t0=0.5nm, 14.7% of TMR ratio and the junction resistance R of 9.4 ohms are shown. In this case, tunnel barrier layer 
30B was formed by [ which oxidized after carrying out the laminating of the thickness t1=0.3nm aluminum film as 1st 
barrier layer 32B, and carried out the laminating of the thickness t2=0.2nm aluminum film as 2nd barrier layer 34B on 
this continuously ] carrying out after oxidation treatment. Therefore, when forming MTJ component 70B with an 
oxidation style 1-2 and forming especially an aluminum thin layer, both a TMR ratio and the junction resistance R 
increase. In this result, during the first oxidization, i.e., oxidation treatment of 1st thickness t1=0.3nm barrier layer 
32B, although the interface (field which touches the 1st barrier layer 32) of the ferromagnetic free layer 24 under 
this film oxidizes slightly, a serious problem like the phenomenon which the pinhole produced with the conventional 
single oxidation style suggests not becoming. 

[0104] Table 1 summarizes the result of above-mentioned drawing 8 and drawi ng 9 in a table 
[0105] O [Table 1] 
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[0106] In Table 1, the item of a left end train shows the class of oxidation process, the thickness of the aluminum 
film of the monolayer before oxidation treatment which the item of eye two trains becomes with a tunnel barrier 
layer in the case of the single oxidizing method — being shown — the case of the oxidizing method I — " — 
thickness t1+ of the 1st barrier layer — thickness t2(both — aluminum film)" of the 2nd barrier layer is shown. The 
item of eye three trains shows average RxA (ohmmum2), and the item of eye four trains is a multiplier at the time of 
fitting [ data / the straight line expressed with a linear function ]. It is shown that the high quality tunnel barrier 
layer is formed, so that this multiplier a is close to 1.0. For the item of eye five trains and eye six trains, a plane-of- 
composition product is 2 1x1 micrometer. The TMR ratio (%) and the junction resistance R (omega) of a case are 
shown. 

[0107] Then, it investigated about the TMR ratio at the time of impressing a magnetic field H to a MTJ component, 
and the response characteristic of the junction resistance R. Drawing 10 shows the result of MTJ 170 equipped with 
the tunnel barrier layer 130 formed by the conventional single oxidizing method, and, on the other hand, drawin g 1 1 
shows the result about MTJ70B equipped with tunnel barrier layer 30B formed by the oxidizing method 1-2 in the 
gestalt of the 1st operation, which tunnel barrier layers 130 and 30B — also setting — the total thickness tO — 
0.5nm and a plane-of-composition product — 1x1micrometer2 it is . In drawin g 10 and 11, an axis of ordinate shows 
a TMR ratio (%), and an axis of abscissa shows magnetic field H (Oe). 

[0108] The tunnel barrier layer 130 was formed by oxidizing the aluminum film with a thickness of 0.5nm 
independently. As shown in drawing 10 , a big change is not seen to a magnetic field H, but, as for maximum, the 
junction resistance R remains [ the TMR ratio ] in about 1.40 (omega) about 5%. On the other hand, tunnel barrier 
layer 30B was formed according to the process oxidized after carrying out the laminating of the thickness t1=0.3nm 
aluminum film as 1st barrier layer 32B. and the process which carried out the laminating of the thickness t2=0.2nm 
aluminum film as 2nd barrier layer 34B continuously and which carries out after oxidation treatment. As shown in 
drawing 1 1 , change of bigger responsibility than the single oxidation style of drawing 10 was seen, and, as for 
maximum, the junction resistance R was set to about 10.7 (omega) by the TMR ratio about 15%. 
[0109] drawing 1 2 -14 — the total — they are the TMR ratio which compared each oxidation style at the time of 
being referred to as thickness t0=0.6nm, and a response curve to the magnetic field H of the junction resistance R. 
Like drawing 10 and 11, the plane-of-composition product of a tunnel barrier layer unifies, and is 2 1x1 micrometer. 
It carried out. An axis of ordinate shows a TMR ratio (%) and the junction resistance R (omega), and an axis of 
abscissa shows magnetic field H (Oe). drawing 12 was formed by the conventional single oxidizing method — the 
total — the response characteristic of the MTJ component 1 70 equipped with the tunnel barrier layer 1 30 of the 
thickness t0=0.6nm aluminum film is shown. Drawing 1 3 oxidizes the thickness t1=0.4nm aluminum film (1st barrier 
layer 32B) first, and shows the response characteristic of MTJ component 70B equipped with tunnel (that is, based 
on oxidizing method 1-2) barrier layer 30B formed by next oxidizing the thickness t2=0.2nm aluminum film (2nd 
barrier layer 34B). Furthermore, drawing 14 oxidizes the thickness t1=0.3nm aluminum film (1st barrier layer 32A) 
first, and shows the response characteristic of MTJ component 70A equipped with tunnel (that is, based on oxidizing 
method 1-1) barrier layer 30A formed by next oxidizing the thickness t2=0.3nm aluminum film (the 2nd barrier 34A). 
The response characteristic of a MTJ component changes with oxidation styles as shown in drawing J I 2 -14. 
[0110] drawing 1 5 -1 7 [ furthermore, ] — the total — they are the TMR ratio which compared each oxidation style 
in thickness t0=0.7nm, and a response curve to the magnetic field H of the junction resistance R. the plane-of- 
composition product of each tunnel barrier layer — 1x1micrometer2 it is — an axis of ordinate shows a TMR ratio 
(%) and the junction resistance R (omega), and an axis of abscissa shows magnetic field H (Oe). Drawing 15 shows 
the response characteristic of the MTJ component 170 by the single oxidation style. Drawin g 1 6 shows the 
response characteristic in MTJ70B containing tunnel (that is, based on oxidizing method 1-2) barrier layer 30B using 
the thickness t2=0.3nm aluminum film as 2nd barrier layer 34B before oxidation treatment using the thickness 
t1=0.4nm aluminum film as 1st barrier layer 32B before oxidation treatment. Furthermore, drawing 1 7 shows the 
response characteristic in MTJ70A containing tunnel (that is, based on oxidizing method 1-1) barrier layer 30A using 
the thickness t2=0.4nm aluminum film as 2nd barrier layer 34A before oxidation treatment, using the thickness 
t1=0.3nm aluminum film as 1st barrier layer 32A before oxidation treatment As shown in drawing 15 -17, when it is 
referred to as t0=0.7nm, the difference by the oxidation style is accepted about the response characteristic over a 
magnetic field H. 

[01 11] The difference by the single oxidation style, the oxidation style 1-1. and the oxidation style 1-2 appeared in 
the response characteristic of the TMR ratio to a magnetic field H. and the junction resistance R as described 
above. For example, when drawjngj 6 and drawing 1 7 are referred to and it has the thickness not more than 
thickness t2 of the 2nd barrier layer 34 before the thickness t1 of the 1st barrier layer 32 before oxidation 
treatment oxidizing, in the case of the oxidation style 1-1 (t1 <=t2). the MTJ component 70 shows the bigger bond 
resistance R than the case of an oxidation style 1-2 (t1> t2). The aluminum film (2nd barrier layer 34 before 
oxidation treatment) with which this was formed on the AlOx film (1st barrier layer 32) has crystal growth better 
than the case where it is directly formed on a ferromagnetic layer, and means that can obtain the film without far- 
reaching micropore, consequently the 2nd AlOx film (2nd barrier layer 34) with very few pinholes is formed. 
[01 12] Drawing J8 is the explanatory view showing the result of having investigated the relation between a sense 
current and bias voltage in the MTJ component 70 equipped with the tunnel barrier layer 30 which consists of AlOx 
of the MTJ component 1 70 equipped with the tunnel barrier layer 1 30 which consists of AlOx by the conventional 
single oxidizing method, and the two-layer structure by the method I of oxidizing the gestalt of the 1 st operation. An 
axis of ordinate shows a sense current (A), and an axis of abscissa shows bias voltage (V). In this investigation, from 
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the up electrical-and-electric-equipment lead 60, the direction impressed to the lower electrical-and-electric- 
equipment lead 10 was made into positive bias, and it displayed by "**" or "-" in the explanatory view. On the other 
hand, from the lower electrical-and-electric-equipment lead 10, the direction impressed to the up electrical-and- 
electric-equipment lead 60 was made into negative bias, and it displayed by ' **" or "O" in the explanatory view. 
According to drawin g 18 , the MTJ component 170 by the single oxidation style displayed by "**" and "**" shows 
that the response characteristic excellent in the direction of the MTJ component 70 by the oxidation style I 
displayed by and "O" is acquired. That is, in the tunnel barrier layer formed by dividing oxidation treatment into 
multiple times and performing it it does not depend in the direction of bias, but a more symmetrical sense current- 
bias voltage curve is obtained. 

[0113] Drawin g 19 is the schematic drawing showing the profile of the obstruction height of the tunnel barrier layer 
130 formed by the conventional single oxidizing method. As shown in drawing 19 , the profile of the obstruction 
height by the single oxidation style is unsymmetrical. and a top face differs in obstruction height greatly from a base. 
That is, the obstruction height phi 2 on top is more remarkably [ than the obstruction height phi 1 at the bottom ] 
larger. In the MTJ component 170 interior, the top face of the tunnel barrier layer 130 touched the strong magnetic 
pinned layer 142, and the base is in contact with the ferromagnetic free layer 124. The cause by which the profile of 
obstruction height becomes unsymmetrical is related to especially the soft oxidation approach like natural oxidation. 
Since the top face of the tunnel barrier layer 130 will contact oxygen gas more directly when it is exposed to an 
oxygen ambient atmosphere, its oxygen atom distributed near the tunnel barrier layer top face increases in number. 
On the other hand, there are few oxygen atoms distributed near the base, and they do not fully oxidize. According to 
such a cause, as shown in drawing 19 , the asymmetry of an obstruction height profile arises. 

[01 14] On the other hand, dra wing 20 is the schematic drawing showing the profile of the obstruction height of the 
tunnel barrier layer 30 formed by the method I of oxidizing the gestalt of this operation. As shown in drawing 20 , the 
profile of the obstruction height by the oxidation style I has good symmetric property, and its difference of the 
obstruction height phi 2 on top and the obstruction height phi 1 at the bottom is smaller than the profile by the 
single oxidation style of drawing 18 . Namely, according to the approach of carrying out additional formation of the 
2nd aluminum oxide film (2nd barrier layer 34), after forming the 1st aluminum oxide film (1st barrier layer 32) While a 
thin (the thickness before oxidation treatment (for example, the thickness of the aluminum film)) part and the 
annealing treatment by heating advance, an oxygen atom can carry out internal diffusion, oxidation treatment 
progresses near the base, and, therefore, the symmetric property of an obstruction height profile is improved. 
[01 15] <the effectiveness in the gestalt of the 1st operation> — as mentioned above, since the tunnel barrier layer 
was formed with the application of two steps of oxidization processes according to the gestalt of this operation, 
compared with the conventional method of oxidizing at once, the tunnel barrier layer 30 which has uniform insulation 
according to the thickness direction can be formed. Therefore, the danger of pinhole generating is reduced and the 
MTJ component 70 equipped with the thinner tunnel barrier layer 30 can be offered. 

[01 16] furthermore, the tunnel barrier layer 30 which has uniform insulation according to the thickness direction 
compared with the conventional method of oxidizing at once according to the gestalt of this operation — formation 

since things are made, the difference of the obstruction height phi 2 in the base of the tunnel barrier layer 30 and 
the obstruction height phi 1 in a top face can be made small. That is, the thickness direction symmetry of the more 
excellent obstruction height is acquired, and, for this reason, it is not influenced in the direction of bias, but it 
becomes possible to obtain the MTJ component 70 used as the almost same sense current-bias voltage curve. 
[0117] [The gestalt of the 2nd operation], next the gestalt of operation of the 2nd of this invention are explained. 
[01 18] As mentioned above, the gestalt of the 1st operation divides the formation process of a tunnel barrier layer 
into two steps, repeats the procedure of membrane formation and oxidation treatment of a metal membrane or the 
nonmetal film twice, and is made to perform it. On the other hand, at the point which divides the formation process 
of a tunnel barrier layer into two steps, although the gestalt of this operation is the same, after it forms a 
ferromagnetic layer on the 2nd barrier layer rather than oxidizes the 2nd barrier layer which is a metal membrane or 
the nonmetal film in an oxygen ambient atmosphere, it is made to carry out oxidation treatment of the 2nd barrier 
layer by diffusing the oxygen atom which exists in the interior. 

[01 19] Hereafter, with reference to drawing 21 -28, the magnetic tunnel junction component its manufacture 
approach, the magnetic tunnel junction mold head, and its manufacture approach of a gestalt of this operation are 
explained. Here, it supposes that only a different description part from the gestalt of the above-mentioned 
implementation is explained, in addition explanation is suitably omitted about the same part Similarly, also in drawing 
21 -28, about the same part, the same sign is substantially attached with the component of the gestalt ( drawing 2 - 
20) of implementation of the above 1st, and explanation is omitted suitably. 

[0120] Configuration of MTJ component> drawing 21 and drawing 22 are the outline sectional views of MTJ section 
70C and 70C* formed by the oxidation style II concerning the gestalt of this operation. Drawin g 21 shows MTJ 
component 70C equipped with the strong magnetic pinned layer 42 on the tunnel barrier layer 31, and drawing 22 
shows MTJ section 70C which equipped the bottom of tunnel barrier layer 31* with strong magnetic pinned layer 
42\ ** which gives the same sign to the same component as drawing 4 and drawing 5 in drawing 21 and drawing 22 . 
As shown in drawing 21 , in MTJ component 70C, the seed layer 22, the ferromagnetic free layer 24, the tunnel 
barrier layer 31, the strong magnetic pinned layer 42, the antiferromagnetism layer 44, and the protective layer 46 
have structure by which the laminating was carried out to this order. The tunnel barrier layer 31 is divided into two 
more layers, the 1 st barrier layer 35 is formed so that the ferromagnetic free layer 24 may be touched, and the 2nd 
barrier layer 36 is formed on it On the other hand, MTJ component 70C* which is the modification of MTJ 
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component 70C has the structure where the laminating of seed layer 22\ the template layer 25, antiferromagnetism 
layer 44* strong magnetic pinned layer 42' tunnel barrier layer 31 \ ferromagnetic free layer 24', and protective layer 
46* was carried out to this order, as shown in a^awing_22 . Too, tunnel barrier layer 31' is formed from two layers. 
The 1 st barrier layer 37 is formed so that strong magnetic pinned layer 42' may be touched, and the 2nd barrier 
layer 38 is formed on it In addition, substantially, since the. MTJ head equipped with these MTJ(s) component 70C 
and 70C* is equivalent it abbreviates explanation to the gestalt of the 1st operation. 

[0121] The manufacture approach of MTJ component 70C by the Manufacture approach of a MTJ component^ 
then the oxidation style II concerning the gestalt of this operation and 70C is explained below with reference to 
drawing 21 and drawing 22 . In an oxidation style II, like an oxidation style I, after carrying out the laminating of a 
metal membrane or the nonmetal film, the 1 st barrier layer 35 and 37 is obtained by oxidizing. The structure 
( drawing 21 ) where the tunnel barrier layer 31 is fixed on the ferromagnetic free layer 24 is more desirable. Next, a 
laminating is carried out on the "1st barrier layer 35 and 37 after oxidizing the 2nd barrier layer 36 and 38 which is a 
metal membrane or the nonmetal film. As for especially the thickness of the 2nd barrier layer 36 and 38, it is 
desirable that it is the range of 0.1~0.4nm 0.4nm or less. As for the 1st barrier layer 35 and 37 and the 2nd barrier 
layer 36 and 38, it is desirable that at least one of aluminum, a tantalum, nickel, titanium, a hafnium, magnesium, 
silicon, a zirconium, and galliums is included. 

[0122] Next, the laminating of the up electrode layered product 40 and 40' is carried out on the 2nd barrier layer 36 
and 38. Besides, annealing treatment of the section electrode layered product 40 and 40' is preferably carried out at 
the temperature of less than 300 degrees C, and the 2nd barrier layer 36 and 38 on the 1st barrier layer 35 and 37 
oxidizes by the internal diffusion of oxygen. In this case, since the 2nd barrier layer 36 and 38 is not heated under an 
oxygen ambient atmosphere, most oxidizes freely. How to carry out the laminating of other barrier layers, and 
oxidize in front of a protective layer 46 and the laminating of 46', as other approaches, is also considered. In this 
case, the 1st barrier layer 35 and 37 before oxidation treatment has the thickness more than the thickness of other 
barrier layers by which a laminating is carried out on them. 

[0123] Evaluation of tunnel barrier layer> drawing 23 is the explanatory view showing the result of having compared 
the TMR ratio, about the MTJ component 1 70 by the conventional single oxidation style, and MTJ component 70C 
by the oxidation style II. An axis of ordinate shows a TMR ratio, the upper axis of abscissa shows the thickness t4 
of the 2nd barrier layer 36 before added oxidation treatment, and a lower axis of abscissa shows the total thickness 
t10 showing the sum total of the thickness t3 of the 1st barrier layer 35 before oxidation treatment, and the 
thickness t4 of the 2nd barrier layer 36 further. In addition, the aluminum film was used for the 1st and 2nd barrier 
layers 35 and 36. As shown in dr awin g 23 , when the total thickness t10 increases to 1nm from 0.7nm in the case of 
the conventional single oxidation style, a TMR ratio shows a linear reduction. On the other hand, in case the total 
thickness tlO changes to 0.9nm from 0.8nm in the case of an oxidation style II, a TMR ratio decreases greatly. 
[0124] Drawin g 24 shows the result of having compared change of the product (following, RxA) of junction 
resistance and a plane-of-composition product, about the'MTJ components 170 and 70C evaluated by drawing 23 . 
An axis of ordinate shows RxA (ohmmum2), the thickness t4 of the 2nd barrier layer 36 before oxidation treatment 
to which the upper axis of abscissa was added is shown, and the total thickness t10 which expresses the sum total 
of the thickness t3 of the 1st barrier layer 35 before a lower axis of abscissa oxidizing and the thickness t4 of the 
2nd barrier layer 36 further is shown. As shown in drawing 24 , when being based on an oxidation style II, RxA 
smaller than a single oxidation style is shown. If the total thickness t10 increases from 0.9nm to 1.0nm according to 
the single oxidation style, junction resistance will increase greatly. In an oxidation style II, RxA smaller than a single 
oxidation style is obtained in the range at least whose total thickness tlO is 0.7-1. Onm. Therefore, when the total 
thickness t10 is the same, MTJ component 70C which inserted the 2nd very thin barrier layer 36, and was formed 
shows a TMR ratio comparable as the MTJ component 170 by the single oxidation style, and shows RxA smaller 
than it 

[0125] As shown in drawing 24 , the increment in RxA means that the 2nd barrier layer 36 has oxidized. However, 
although the oxidation style II by this internal diffusion is very loose oxidization compared with the conventional 
single oxidation style, since the oxygen content is restricted, RxA of the tunnel barrier layer 31 formed by the 
oxidizing method II becomes smaller than a single oxidation style. The above-mentioned description in the oxidizing 
method II by internal diffusion leads to a sharp reduction of the TMR ratio of the 2nd barrier layer 36 inserted on the 
1st barrier layer 35 also with regards to metal atoms, such as aluminum, remaining in the interface of the tunnel 
barrier layer 31 and a ferromagnetic layer. 

[0126] After carrying out annealing treatment of drawing 25 at 250 degrees C for 5 hours, it is the explanatory view 
showing the sense current-bias voltage curve in MTJ component 70C equipped with the tunnel barrier layer 31 
formed by the oxidizing method II. An axis of ordinate shows a sense current (mA), and an axis of abscissa shows 
bias voltage (V). Here, thickness t3 was fixed to 0.7nm, and it changed 0.1 nm of thickness t4 at a time from O.Onm to 
0.4nm. As shown in drawing 25 , it turns out by thickening thickness t4 that the symmetric property of the tunnel 
barrier layer 31 is improved. That is, it follows on the thickness t4 of the 2nd aluminum film (2nd barrier layer 36 
before oxidation treatment) increasing from 0, and the difference by the direction of bias is small. Thickness t4 
means that, as for saying [ 0 ], the 2nd barrier layer 36 does not exist here. As for annealing treatment it is 
desirable to be carried out in 300 degrees C or more and 5 hours or less. 

[0127] Drawing_26 is the schematic drawing showing the profile of the obstruction height of the tunnel barrier layer 
130 formed by the conventional single oxidizing method. On the other hand, drawing 27 is the schematic drawing 
showing the profile of the obstruction height of the tunnel barrier layer 31 formed by the oxidizing method II by the 
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gestalt of this operation. As shown in drawing 26 . the profile of a single oxidation style is unsymmetrical and the 
obstruction height phi 2 on top is remarkably large from the obstruction height phi 1 at the bottom. As shown in 
drawjng_27 on the other hand, the profile of an oxidation style II has the difference of the obstruction height phi 2 on 
top and the obstruction height phi 1 at the bottom smaller than the profile of a single oxidation style. Like the 
gestalt of the 1st operation, this result is based on the effectiveness of the internal diffusion of the oxygen in the 
tunnel barrier layer 31, and is a symmetric-property improvement and match of a sense current-bias voltage curve. 
[0128] Drawing 28 is a resistance difference [ as opposed to / layer / which was formed by the single oxidizing 
method, the oxidizing method I, and the oxidizing method II / tunnel barrier / bias voltage ] [abs(R+-R-)/] (R++R-). 
It is the explanatory view showing change. Here, it is R+. The junction resistance of the tunnel barrier layer to bias 
voltage is shown, and it is R. - The junction resistance of the tunnel barrier layer to the bias voltage of the opposite 
direction is shown. An axis of ordinate shows a resistance difference (%), and an axis of abscissa shows bias voltage 
(V). The display of "**" shows the result of the tunnel barrier layer 130 by the conventional single oxidizing method. 
The display of "<>, O, **, -" shows the result of the tunnel barrier layer 31 which added the 2nd aluminum film (2nd 
barrier layer 36 before oxidation treatment) of the thickness which changes with oxidizing methods II. "**" is a 
result about the tunnel barrier layer 30 formed by the oxidizing method I. As shown in drawing 28 , in the case of the 
oxidizing methods I and II, compared with the single oxidizing method, the resistance difference over bias voltage is 
remarkably low. This shows that the profile symmetric property of the obstruction height of the tunnel barrier layers 
30 and 31 in the MTJ components 70 and 70C formed by the oxidizing methods I and II has been improved. In this 
case, the bias voltage range of a tunnel barrier layer is 0-500mV, and it is the resistance difference [abs(R+-R-)/] 
(R++R-) of the bias voltage of positive/negative. It is desirable to be formed so that it may be less than 3%. 
[0129] <the effectiveness in the gestalt of the 2nd operation> — as mentioned above according to the gestalt of 
this operation Since it was made to perform oxidation treatment of the 2nd barrier layer 36 and 38 by diffusing the 
oxygen which divides the formation process of a tunnel barrier layer into two steps, and is contained in the 1st 
barrier layer 35 and 37 Compared with the gestalt of the 1st operation, the difference of the obstruction height phi 2 
in the base of a tunnel barrier layer and the obstruction height phi 1 in a top face can be made smaller. That is, it 
becomes possible to obtain the MTJ component used as the almost same sense current-bias voltage curve which 
the thickness direction symmetry of obstruction height improves further, and is not influenced in the direction of 
bias. 

[0130] In order to carry out an additional indication for various gestalten of this invention, the following reference is 
mentioned as bibliography. 

[0131] The United States patent application by Olivier Redon and others for whom it applied with the reference on 
July 20, 2000 "Magnetic Tunnel Junction Read Head Using Hybrid and Low Magnetization Flux Guide (they are the 
specification of the magnetic tunnel junction reproducing head" (it corresponds to 192 and No. 320 the 60th/of the 
U.S. temporary application for which it applied on March 27, 2000) using a hybrid low magnetization flux guide, and 
its drawing.) This invention aims at the design of the reproducing head which makes a TMR ratio max by choosing 
the ingredient equipped with the greatest spin polarization. In this reproducing head, the effectiveness of a flux guide 
can be raised to the maximum using a hybrid low magnetization ingredient, and a big signal output can be attained. 
[0132] As mentioned above, although the gestalt of each above-mentioned operation was mentioned and this 
invention was explained, this invention is not limited to the gestalt of the above-mentioned implementation, but is 
variously deformable. For example, although formed with the gestalt of this operation by oxidizing the film which 
contains aluminum for a tunnel barrier layer, it is not limited to this. Moreover, although the tunnel barrier layer was 
divided and formed in two steps with the gestalt of this operation, it subdivides further, and the 3rd barrier film and 
the barrier film beyond it can be added, a multistage story can be oxidized, and a more homogeneous tunnel barrier 
layer can also be generated. In this case, as for the barrier film added, it is desirable to make it become thin 
gradually. 
[0133] 

[Effect of the Invention] As explained above, according to the manufacture approach of a magnetic tunnel junction 
component given in any 1 term of a magnetic tunnel junction component given in any 1 term of claim 1 thru/or claim 
13 and claim 14 thru/or claim 38 Since it was made for a tunnel barrier layer to contain the 1st barrier layer by 
which it was oxidized, and the 2nd barrier layer, compared with the conventional tunnel barrier layer containing the 
single barrier layer in which it was oxidized, the tunnel barrier layer which has uniform insulation according to the 
thickness direction can be obtained. Therefore, while being able to improve the symmetric property of an electrical 
property and raising ESD and a TDDB property, a TMR ratio can be raised, maintaining a low bond resistance under 
a room temperature. Therefore, in the equipment of a hard disk drive or others, it can apply to binary data playback 
of a high density magnetic-recording medium, and, of course, other magnetic field detection devices can be further 
applied also to other devices and environments of the same kind. Furthermore, a percent defective can be reduced 
and efficient mass production method is attained. 

[0134] According to the manufacture approach of a magnetic tunnel junction mold head according to claim 39, claim 
40, and a magnetic tunnel junction mold head according to claim 41 Since it was made for the tunnel barrier layer of 
a magnetic tunnel junction component to contain the 1st barrier layer by which it was oxidized, and the 2nd barrier 
layer Compared with the conventional tunnel barrier layer containing the single barrier layer in which it was oxidized, 
the magnetic tunnel junction mold head equipped with the tunnel barrier layer which has uniform insulation according 
to the thickness direction can be obtained. Therefore, while having the electrical property excellent in symmetric 
property and having high performance characteristics also to ESD and TDDB. the reproducing head which shows a 
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low bond resistance and a high TMR ratio under a room temperature is obtained. This magnetic tunnel junction mold 
head is applicable to binary data playback of the high density magnetic-recording medium of a hard disk drive or 
others. Furthermore, a percent defective can be reduced and efficient mass production method is attained. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

t.This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the top view of the MTJ head concerning the gestalt of operation of the 1 st of this invention. 
[Drawin g 2] It is the fragmentary sectional view of the MTJ head of drawing 1 . 

[Drawing 3] The sectional view in the modification of the MTJ head concerning the gestalt of operation of the 1st of 
this invention is shown. 

[Drawing 4] It is the sectional view of the MTJ component in the MTJ head concerning the gestalt of operation of 
the 1st of this invention shown in drawing 2 . 

[Drawing 5] It is the sectional view of the MTJ component in the MTJ head concerning the gestalt of operation of 
the 2nd of this invention shown in draw ing 3 . 

[Drawin g 6] It is the sectional view of the tunnel barrier layer formed by the conventional single oxidizing method. 
[Drawing 7] It is the sectional view of the tunnel barrier layer formed by the oxidizing method I concerning the 
gestalt of operation of the 1st of this invention. 

[Drawing 8] It is the property Fig. showing the thickness dependency of the tunnel barrier layer of the junction 
resistance in the MTJ component concerning the gestalt of operation of the 1st of this invention. 
[Drawing 9] It is the property Fig. showing the thickness dependency of the tunnel barrier layer of the TMR ratio in 
the MTJ component concerning the gestalt of operation of the 1st of this invention. 

[Drawing 10] It is a response curve to the magnetic field of the TMR ratio in the MTJ component equipped with the 
tunnel barrier layer with a thickness of 0.5nm by the conventional single oxidizing method, and junction resistance. 
[ Drawing 1 1] It is a response curve to the magnetic field of the TMR ratio in the MTJ component equipped with the 
tunnel barrier layer with a thickness of 0.5nm by the oxidizing method 1-2 concerning the gestalt of operation of the 
1st of this invention, and junction resistance. 

[Drawing 12] It is a response curve to the magnetic field of the TMR ratio in the MTJ component equipped with the 
tunnel barrier layer with a thickness of 0.6nm by the conventional single oxidizing method, and junction resistance. 
[Drawing 13] It is a response curve to the magnetic field of the TMR ratio in the MTJ component equipped with the 
tunnel barrier layer with a thickness of 0.6nm by the oxidizing method 1-2 concerning the gestalt of operation of the 
1st of this invention, and junction resistance. 

[Drawing 14] It is a response curve to the magnetic field of the TMR ratio in the MTJ component equipped with the 
tunnel barrier layer with a thickness of 0.6nm by the oxidizing method 1-1 concerning the gestalt of operation of the 
1st of this invention, and junction resistance. 

[Drawing 15] It is a response curve to the magnetic field of the TMR ratio in the MTJ component equipped with the 
tunnel barrier layer with a thickness of 0.7nm by the conventional single oxidizing method, and junction resistance. 
[D rawing 16 ] It is a response curve to the magnetic Field of the TMR ratio in the MTJ component equipped with the 
tunnel barrier layer with a thickness of 0.7nm by the oxidizing method 1-2 concerning the gestalt of operation of the 
1st of this invention, and junction resistance. 

[ Drawing 17 ] It is a response curve to the magnetic field of the TMR ratio in the MTJ component equipped with the 
tunnel barrier layer with a thickness of 0.7nm by the oxidizing method 1-1 concerning the gestalt of operation of the 
1st of this invention, and junction resistance. 

[Drawing 18] It is the property Fig. showing the bias voltage-sense current characteristic in the MTJ component 
equipped with the tunnel barrier layer formed by the oxidizing method I concerning the conventional single oxidizing 
method and the gestalt of operation of the 1 st of this invention. 

[D rawin g 1 9] It is the schematic diagram showing the profile of the obstruction height of the tunnel barrier layer 
formed by the conventional single oxidizing method. 

[Drawing 20] It is the schematic diagram showing the profile of the obstruction height of the tunnel barrier layer 

formed by the oxidizing method I concerning the gestalt of operation of the 1 st of this invention. 

[Drawing 21] It is the sectional view of the MTJ component equipped with the strong magnetic pinned layer on the 

tunnel barrier layer formed by the oxidizing method II concerning the gestalt of operation of the 2nd of this 

invention. 

[Drawing 22] It is the sectional view of the MTJ component which equipped with the strong magnetic pinned layer 
the bottom of the tunnel barrier layer formed by the oxidizing method II concerning the gestalt of operation of the 
2nd of this invention. 

[Drawin g 23] It is the property Fig. showing the TMR ratio to the thickness of the aluminum layer in the MTJ 
component containing the tunnel barrier layer formed by the oxidizing method II concerning the gestalt of operation 



http://www4.ipdl jpo.go.jp/cgi-bin/tran_web^cgLejje 



2004/03/29 



J W$ PAGE BLANK 



(USPTO) 



2/2 s<—i> 



of the 2nd of this invention. 

[Drawing 24] It is the property Fig. showing the junction resistance over the thickness of the aluminum layer in the 
MTJ component containing the tunnel barrier layer formed by the oxidizing method II concerning the gestalt of 
operation of the 2nd of this invention. 

[ Drawin g 25] It is the property Fig. showing the bias voltage-sense current characteristic of the MTJ component by 
the oxidizing method II concerning the gestalt of operation of the 2nd of this invention. 

[Drawing 26 ] It is the schematic diagram showing the profile of the obstruction height of the tunnel barrier layer 
formed by the conventional single oxidizing method. 

[Drawing 27] It is the schematic diagram showing the profile of the obstruction height of the tunnel barrier layer 

formed by the oxidizing method II concerning the gestalt of operation of the 2nd of this invention. 

[Drawing 28] In the MTJ component containing the tunnel barrier layer formed by the oxidizing methods I and II 

concerning the gestalt of the 1st and operation of the 2nd of the conventional oxidation style and this invention, it is 

the property Fig. showing the resistance difference over bias voltage. 

[Description of Notations] 

1 [ — Lower electrode layered product, ] — A MTJ head, 9 — A substrate, 10 — A lower electrical-and-electric- 
equipment lead, 20 22 [ — Tunnel barrier layer, ] — A seed layer, 23 — The magnetization direction, 24 — 30 A 
ferromagnetic free layer, 31 32, 35, 37 [ t- A strong magnetic pinned layer, 44 / — An antiferromagnetism layer 
46 / — A protective layer, 50 / — An insulator, 60 / — An up electrical-and-electric-equipment lead, 70 / — MTJ 
component ] — The 1st barrier layer, 34, 36, 38 — The 2nd barrier layer, 40 — An up electrode layered product, 42 
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MMfiJn (Magneto-Resistive, £TF> MR) ^tt, fig 



-it) tLTJ!2:<ffl^e > tlTHS. iCto^MRi? 

LfcMR^ AMRtf) (Dmn.rn.mmt 

-JKfC2~7%tCR^. ;i©<fc-57iitS^gS Viil^Srffl 
Ftt##lC»^Bfcfcfl^*tt&-r* - 4:** 
T*, •€-©f2»S«fct, ^fcfcDR^tf • t* 

7MX± (SGbi ts/in2£Ui, 1Gb its/ 
in2=6. 4505113/0 1112) iC&-5. 

xm)Z>£5\zt3.^rzo 

[0 0 0 3] S#«fcS V^tt, *ffl#fF^5, 15 
9, 5 1 3^lcEt^nT^5J:5fc. 2o©3£^14JI 

OKHBSST*«fc3K:. ^T>^> (FeMn) 

@^ $ nfc»attH \mm e tf > h n t u? a n 

6E¥ff *»t=*ft;-r* \z^nTnw&m>mmtz>£ 
o\zts.-oxnK> . z.n\z&<o. itt&mn^isfiimikm 

(MR it) tf%*>nz>. 

[0 0 0 4] ±M<DAMRm=f-^>S VsgfiliSSSi' 
•^T'OMRifiLT, h>*;HB»««3&* (Tunnel 
ing Magneto-Resistance, TMR) &%im't : &^?fi i $> 

rnttJuIlierefc«k* rai«tt*BI|lBlcfiW* h> 
^;Wxi^J ('Tunneling Between Ferromagnetic Film 
s", Physics Letters, 54A225, 1975 ) (cffiSfcSnTt^ 

C©J;3^:TMRS:fiJffl-r^MR^H. m%V> 
(Magnetic Tunnel Junction. MTJ) fit^, 
&Z>Wtmm.mjiV>*)Vm£i (Magneto-Resistive Tu 
nnel Junction, MRT J ) LT^I S.nTl^S. S 

v^tra^, Muim 2o©3tistts (mm 
m) \z£-DTm^ffimm&t%?>-&A J rmm&&isT^ 

HtfcBfanS) X^S. SVSg^tS^O. MTJt 
^©Iftf^H, CPP (current perpendicular to the p 
lane) MtmXnz>. OSO. MT J MTZfatiZ-ty 
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W35fa\Zffi.t\Z>V>X'$>Z>« Z<D-\z>XW,ffi\t. mtji 
d©-t>xmdiH4. h>^;kA*U7@ 

«t 5 + » I d < ft o T H -5 „ 

[0005] « j p*ti»aui*aii-rs7 r a-fex»4^ii> 
b (m^tsj) (omziffjfcjjfttiztttEtiz. 2oo 

3i«ttSf±, ^a®8£#LTgftaKJ&£jS-r©T\ 

[0006] -t>xisj)«ii ©^jKtts&ais-rs 
m< -t>xmistii«tti(c< <fto, **ft«^sttR«p 

[6jj&<5<r>tCiE3Sft:tK«g, "T ftfc>*>v ?fTtt!tS¥Rtt 
Iifflt&l©«itH «£«StR B «R aP iRp ©<*»• 
IW©:*:Sa£fc?>, R aP >R n >Rp £^3Hflia*»5 

ns. rne.©gB^*ffifflbT8safitn:^fl:^ (tmr 

Jt) S^tSi, AR/R= (Rap-Rp) XRp £ 

[0007] mf5.mmmmz$ufz>mitM&(nj:z>\z. 

<t#f6]©*5S^{fc;f4. MT JiH i ©m«^g^n;l::*>l^#-r 
'^>;tie^ tti^ttJE^gflrrs. Lfc#oT, m^viSin© 
Wfc. fftfrt;, ffi»W»:«fl:^lflIOftflP*fl;Jca^< 
tiit)ni£<nmit$:&itiiTZ>Z.£\z£0. ftgR8tt©Xft: 
Sr^tB-rsrtTjipIffitftS. ^©.fcpKLT, MT J 

Vrns = (2 • e • I • A f ) 0.5 . 
[0 0 12] S/NJfc*»*»;:tt, S^Sta 

*R*fi«-r*s&Ba***. Cl©&£a*xR(4. (2) 

^/N*U7g©W^ii5S (X^M-^tyy) <!>©¥ 
^® IZM L T*i&|?lfSc«J (C^fT -5 Z. t &t>fr -o X V» 

[0 0 13] 

Roc e x p (d • <I>i/2 ) • • • (2) 
[0 0 14] (2) iCCD^f <fc5»C, JS^dSrjSKT 5 
CtlC^oT. S^igfixfitR £<£fl£-r*> C <i»4pJltgT-ifc 

<t. «ZtttBIH*»*i;fcD, -E-©g*ga<ti*.5> plated* 



^ti. mmmm&iz&m2ntzm®<Dn±z?Toc 

t. ifiX €■ -5 J; 5 IC ft -? T H -5 . 
[0 0 0 8] 

I5EW*««P*UJ:5t-r*RH3 1 9 9 5^«Mtc#6^ 
5nfcMTJ^f(i TMR5&fil©.{£^fc©l,^ft<. 
^iaTfr*5WSTMRJt«*-)l~2%igSTSo/t„ b 
frU 1 9 9 5^IZ. ^igTT«]J6Tl 0%&L±(D^T 
MRJt£^TMT J*^*tRAS*VC>&>&, MTJif 
SrSK SSffiS^Wfl^ fCjgffl.T^ -5 £ U 5 8H#a*E5 
CtUcglLTIi. Moodera e>fC£-2> r^gTT* 
*#fc«»lStt*fc^a«tt»«h>*;WlteJ ('Lar 
ge Magnetoresi stance at Room Temperature in Ferrom 
agnetic Thin Film tunnel Junctions'. Physics. Revie 
w. Letters. 74. 327. 1995) \z£^>xm&2tltc. 

[0 0 0 9] UfrLftatfE,, gffiTT-HJ-ftSSTMRJ* 
£*T, ^mizmistzMT 3 ZLtUZtukX 

(Signal to Noise , S/N) it^fiTT-S «tH-5,6T 
£•5. ffite^^a^riiJA^TtAtwtt. mt j sJH i l;::fc^:^ 
•5^g£®ffl©i^?i/J^^4j@^t^>n-$^ <esfS6d(c, **ft»^ 
soffit ^pgH(4«^ftraatfts. ««t 

H^K:J;3 TMagnetic Tunnel Junctions Within Situ 
Naturally-Oxidized Tunnel Barrier ( g tc 
<fc£ h>*;UA*U7£^T£«^h>*;M$-g-) J (Ap 
Pi. Phys. Lett. 71. 3296 (1997) ) T"(4. 

mmm-sm t>m u t t m r it $ < ft o x b * p 

[o o i o] mt j m?x!kcz>mmizi,T. -> 3 >yh 
/ -f X (*^# h >^;p/\* u tb zmmt zmz± c -s 

/-rX) t^iofecO^D. Ctl(4S/NJ±©<gTfCO 
ft*iS. ->a v hy-fXt4. ^-&SttfilR<i:, t>Xl 
fiS I V>¥-J3m£\zitm^Z>. Pb<(4. TIE© (1) it 
K^T. 'CT, -> 3 y r-y-fX^Vms . Jfiftlfc®^ 
SAftn. ft*5. (1) jS*. et4S»^»T$)D 
$51. 6X1 0-19 c (i7-D» 

[0 0 1 1 ] 

• • • (1) 

&<5>„ ^tJAt4. h>^A*UT)l©#*-7li}i-r^* 
tf>*-;i'»s^L,TbSo. C«tf>*:-;i'(4, 

*> <fc tXS /N Jt ZM'pZ t ^ 5 mm £ 3l#ig r "To 

[0 0 15] 2 S£*<DMT J ^(C(4, h>^;U 

/N* 'J 7J1 CDJP*- d <h H p Rig t>#ftT 

-s. &<t&<D b>*)w<>)Tm<D±.mx'$>2>mitvo&ffi 

A*-f 7XmffiSrEPi3DT«.i«§l#tt («sjx«tB*mBE) 

(7->>yhu) <£^-r. c®42^^ 

tt(4. h>^;PA*'J7^W. JP*.diig3J!-r^*[S]©P* 
giiSS (x^^-^-v-^X) <J>^^b5-B-^C,»:tCft 
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[0 0 16] MTJffCHai/fcHItlT, 
*St« (Electro Static Discharge, ESD) ##tfi=>n 
■5. MTJfflCttWIilWoT, ^n«®^ 
mi 5 Otf^h (V) MTJifA^iJ^R 
■TO«a4*tt*»r3TV»*«^ -^©A-fTX/SlRl© 
JWttt««Ettte*©/M 7X#r6j±D ft 
■pT, ESDICAO. MT J *^©»m**«BE3W*» 
#tta*fc^»£«fc 0 %><£< ttZfr®, MT J Sfi^©iK« 

cooi7] mt ja^Kwa-rs'flforaatLT, 

j^KigOP^tfe^tt (Time Dependence of Dielectric 
Breakdown, TDD B) &mi*>t\Z>. jfiL<&^'t 

»«<*:) ©ffitttt«4>.LTU*5. £©«#, 
Eft*. 

[0018] S6ic, mt im=f-\zMm-?z>m<Dmmii 

IT, MT J *^©^»^^f(C+^^p D D W«l^$ 

*a*a> t* 5 t v> o ffl&tffo *. iob^i-a 
-±t»©MT j *f;5«$ns. h>*;wtu 7 
mom* Bfr&zwmmi&z&v =.-/\-&mmz>-% 

fS]E— 5tbTt->ft^£:. iS$ntMTJif0^<li 

m*«jBE^«^aRo«t 3ftttii&tfeft*^H-#£ft d . 

[0 0 19] *5S9!tt. A>**3BI«j£E**TftSft& 

[0 0 2 0] *^bjcd^2©SW«, ^MfcttE&n** 

J3«fctflE-©«iS#ttft h >*)V%kS 

[0 0 2 1] *IS^©S3C5BW(i ESD*mD 
D B KttttT V><5«« h i^PSteStS^isJ: 
#ftftStfk:«£[h>*;i'flteS!^:y K*3J:tflE-©«a 

[0 0 2 2] £6fc:#fS9!©5S4©B»tt. 
[0 0 2 3] 



n&, ^n6®i*«fc^*2©aiattJit»ESti. 
© h >*;pau 7Mtt*ftffla)W66snfciB i ©ad t 

Si. J62©/ty7Jii:**tr±5EUfcfc©Tr»-5. 

[0024] *5zw<Dmm h >*)m-smT-cii. b > 
*;wtu Tmtemitvm&mztift&i ©a>j rut. 

[0 0 2 5] #ffi^«» h Sf§2 
CD A' U 7Jl7J^kfflS<&SS$nTV^ £ t*W$L 

[0 0 2 6] *f§BJJCD68«. r- >*;U8^*^TkL $ 1 
CDA'U7Itt, *2©A«J7JB©»*EU:©W***L 

ttStt5 1->^;W'!)J7iSISt2)^^Tt5. 

[0 0 2 7 ] $ 6 E. #5693 ©«« h >^^^MfT 
tt, ££>E, fS2©A'J7H±E'>ft< <hfcl HCDffiCD 

[0 0 2 8] #fgBJ§©^K h >*;l/'gE^* : f Ttt, jg 1 
©AU 711 ©ff^tt, ffi©AU 7H ©t^"f tlJ: 0 feiP^ 

[0 0 2 9] ttmomss. t y^Am-sm^-cn. % 1 

[0 0 3 0] *fSW©«» h >*;H£^5^T-te, 1 
©n i J7lO»*(l 0. 6 nm6lTl?355c:i*sSS 

[0 0 3 1 ] *^^©mah>^;V«-&3fl^T-tt, $gl 
*3 e fc(y:m2©A*U7S©'5^^< t ^PA 

(Cr) . ^EU^5 ; > (Mo) . ^>^;P (Ta) , - 
(Nb) , ffi (Cu) , (Pt) . A^v^A 

(Pd) , #D> (B) . ^ (C) , T^Sn^A 

(A 1 ) , ?>if7.'r> (W) . y'Jn> (Si) , 5 1 
^> (Ti) , A'^-^A (V) , (R 
u) . (Re) . i^lo-^A (Zr) J30:c^ 

Jtf'J»>A (Ga) frt>t3.Z>n<DO*>'>tS.<£him&£ 

[0032] *mw?>mm. b >*;w«^s(HF , rtt. se 1 

*3J:^m2©AU7H©3^^< i^-**^ 7)15. 
=-OK (Al) , i?>^^ (Ta) . -ytr)V (N 

i) , (Ti) , /\y-02± (Hf) , V^-> 

^A (Mg) , yU3> (Si), >?;Wn-^A (Z 

r) fc^lX^'J^A (Ga) ^e>^^>Sf©5^ / >^< t 

[0033] *mw<Dm% b y^jvm-^m^ ^2 

© A" >J 7MVt7 — -;HI^ *tit t> ©Tfc-^T t> J: 

[0034] *mw<Dmm. b >*)v&&m : ?-&z. $2 
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©A>J7JI©JP3i.te. 0. 4 nm&Tf : T?2bZ>C£tfW.m 

[0 0 3 5] *&W<Dm$L h h > 

*^A*'J7JI©iP.^i. 1. 5 nra^TTfeS: £*>«i 

[0 0 3 6] *R9J©B& h >*;Hg-&^T«. 0 
^> 5 0 OmV(Dmm<Z>/UT7.mi£$:WmLtzM&\Z& 
<^T. sEO/^-i 7XHJI<hA©A-r 7XfEtOS>* 
JW\-'J7i©fi5tf I abs (Rt-R-)/ (R+ + 

R-) ] #3 <fca«asbts. 
[0037] *^w©fismh>^;p^si^©ssji3-ffi 

«fS8*t4JSTf*oT. fgl©&fi8ttgB#£Jgfi£ 
TSIlt. C©!fSl©3£&t$8B#©J:IC h>*JUA'J 
7g&#£?g 2 ©»fl8tt«» t ^JUtC^eST SXg £ 

»±ic8io^ij7a»s»i«i/. K^tfflarsxs 

C©Sgl ©A'J 7g&#±(Cfg2©A'J 7S5#£)fcJ5£ 
T -5 II t tf J; o (C b <DT$> •*>„ 

[0038] #$g9j©iB§i h >^-)m^m^(Dmm^a 

TZ>T.mt*StS<ko\ZLtzO)-V, m&JSfa\z£Qi%— 
fctt«H4**rr* h >*;UA >J * d t W 

[0 0 3 9] *KMO«ah>*JP«^J(f ; f<0«jft^ffi 

tii. mimm'&<D$& 1 ©a u 7gB#±icsg 2 ©a* y 7 
[0040] *^w©«^i 1- >*)im&m?<DMmjjm 

Ttt. h >*JUA^J 7^#^fiKX;gtC:j3^T. S2fflA 
U7*»*»JtSUfc«.. $e>tC. SI2©A>J7S6#_tfC 
4>fc< .fcfc 1 JI©<|&©A'J 7gB#-£JgJ8fcT-5Xig£"g'tr 

[0 0 4 1] #§gBJi©mjH h >*JM&^fl^©iai£;S?£ 
Tf4. aU©A'J78&5tti, 3S2©AU7gP#©JP<*.JW 

[0 0 4 2] *^ig©©^ h >^;U^^©S3jg^ffi 
T«> Sgl©A'J7g&#l±. Sg2©AU7gB#*5. : fctfte 
©A<J 7S8#©^-ftt«fc 0 t>J»H*». * 

[0 04 3] *3SBJ§©&J«, h >*;Hg£ifi^©®?iI;£iS 

[0 0 44] *^W©JB^ h >^;nt^^^©Sit^rffi 
Tte, Sf§l©A'J7gB#©J*.*-te, 0. 6nmWTT$ 

too45] *^Hj ro jB^ h >*)vm&m^<DMmjjm 

Tte. m££tfSg2©AU 7&#©5"£4>&< £:*>- 



£?DA (Cr) , =E*J^y : > (Mo) , 9>&Jl> 
(Ta) . (Nb) . m (CuJ . (P 

t) . A^i^A (Pd) , (B) . 

(C) . 7;b5 -^A (A 1 ) , ^ >t?X^> (W) . 
•>'J3> (S i ) . (T i ) . A^i^A 

(V) . Jl^-VA (Ru) . W-^A (Re) . ~J)V 
3-^A (Zr) iJckOWJ^A (Ga) d^6tt-&»© 

[0 0 4 6] *^H^(D®m h >*;H*£*?- ©Sit^ffi 
Ttt, Sgl&J:tfSf§2©A'J7gB:tf-©5"5'>te< tt>— 

7>5=£A (Al) , 9>9)V (Ta) , 
^r)U (Ni) , (T i ) . A7~^A (Hf) , 

•7n>"?A (Mg) . ->'J3> (Si), v>;iO-£ 
A (Zr) 43<fctf#U r>A (Ga) fr<bt&Z>m(Do-tE>'i> 

[0047] *^Bj©mm h >*;ns-&3R?-©«jfi:#j£ 

T?fi, Sii2©AU7SB:9-©J¥<?^ 0. 4nm£TFT& 

[0048] *%Bj©m« h >*)um-&m? ©iaig^ffi 

Ttt, *BOAiJ7aJ»©«±«©JS***. 0. 4nm^ 

[0 0 4 9] *^BjCDS8mh>^;H^-&^©^ii*te 
Tti, h>*;WC'J7«»©Jp*tt, 1. 5nm«TT 

[0 0 5 0] Jtt%K©«SC h >^^'&^©S!jg^ffi 
[0 0 5 1 ] *^^©«^l h >*;U*^* ; =p©«jtSFjS 

Ttt. sp^xe«. 3 0 ov.mffi-vm®:mm-?z>z.£tf 
[0052] &&w<Dm$L h yz-frm&mTom&Jsiii 

o) , ft(Fe) tJJ;^-^^ (Ni) 

[0 0 5 3] *^i©SI h >*;u^-&* J ?©Sig^ffi 
ti±. $bic mi*3 e k^2©^mttgp»©^-rn^ 

[0 0 5 4] *^Bjcr)^ h >^>»H«^-^©©ig^S 

**»rier*xaic*nT, miw^tt^i. 
^JRBt. ^2©^^s^4^i:^Jlilc^fi)c•r-5.xa^&^^ 

[0 0 5 5] *^B^ W e^ h >*^»^*^ CD«jS^tt 
Ttt. ^l*5«fc^m2©^mttgB»©5^'>^< tt>- 

j5*Mm-z>T.m\z&^x. $&i&&zfm2<D%zm&m 
i, ^-ne.©F B nc^$n^^fiBi4^^t^^-r^x 

^©x@«. 3a;uh (Co) . 
(Co) ytrMk (N i Fe) Stents 

tm&m^. h>*)i>/-<vTm\zmi%Tz>£oiz&mfji 
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»*»(8-r — yTMk (NiFe) 
feU<«, ry^m^t^DA (Cr) . 
(Ta) , tuyT> (Mo) . (Nb) i5J:tf 

i^lon^A (Zr) ^?>ft4S(05%'M<tfeli 

[0 0 5 6] h >*;l'»^* ; F-OHifi*ffi 

TfcL ^>^;l/ (Ta) . #OA (Cr) „ (T 
i) , -yir)l>2n& (NiCr) &4*J:fc>y^ 
□ A^ (NiFeCr) 3-&j&>£ft-5i¥©-5^4>£:< 

[0 0 5 7] *^®atth>*J14ft&*?CE>aj£5& 
Tte. £3 (Cu), TJUS^^A (Al) ^«t^n«/y 
(NiFe) ^6ft*S©5S*S:< tt> IS 
*^tr» l fecfctfm 2 oil g - KM «»AT«±a« 

[0 0 5 8] *asw®«« h >*;P«^* ; f 
■m, h>*;WN*>j78?#£, /WTxmjE^o^e. 5 

0 0mV©l6H©^^-!c« lEWA*^ 7X«JBE£:ft©A-f 
TXtfftffllJail abs (R+-R-)/ (R+ + 
R-)] *»3X*jHtfeS«fc5fcl»J«-r-5Ili:)fi«aSU 

[0059] *a5woaaK>*;p*^* : po«ji^te 

tt, »103«Bttffl»S»jjE-rsiSi. C©mi©3£ 

SB#£d©JItC)£irrsXg££^K h>*)WV)7 
»»0»*litt, Sl©^mftgP^_h(C0. 6nmPi 

«lSi> d©Sgl©A*U7S5#_bt;:0. 4nmt(T 

[0 0 6 0] h >*;H*^sii^ ©Kit^ffi 

t, £©m 1 ©A*>J 7g&#Jtlwff§2 ©A* 'J 7«»*»J« 
■T*xe<!:S*trJ:3fcLfc©T. ff**|AjfcJ:r)^— 
fc**tt SWT* h >*WJ 7»«-&»*fc-T-& - £d< 

[0 0 6 1] h >*JI4te*TOWft&& 

Ttt. h>*;P/ , CiJ7»»0»j«iatt. KYbffiSft© 
mi©A*U7gP^±(C0. 4nmfilT©W*ttt5» 

[0 0 6 2] *X«0>O& h >*Jl«&*?0SftH£ 
tftt, ^1 tm2©A*D7gB#©'5 *>'>&< tfe— 35 
*i, 7JP5-C7A (Al) . ^>^;W (Ta) . "ydr 
;MNi),^>(Ti). A7^?A (H f ) . T 
if*~yy& (Mg) , ->Un> (Si) v ^n->>A 

(Zr) *>«J:tf;tfU9A (Ga) *>5S:5*ffl5V>ft 

< t *> i a«^Tvi« c: &]Pa& it*. 
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[0 0 6 3] *fgBJ©^M h >*/l'Ste*?0>8&#& 
[0 0 6 4] #»gH©«ath>*;i/SS^S'Sy Ktt. & 

U7iit »A:«iati6snfc3Bi©A'j7Jii, as 2 

©A'U7StSr-g-trJ:pfcLfct)©-C*5. 
[0 0 6 5] #3S9i©««h>*;Ha££!'\y HTtt, 

h >*;w\*u 7HttKfl:«ia**anfc» i ©a*u 71 

[0 0 6 6] h^^SS^S^y H©»jg 

ism*, h >^;u»^*^^ffl «riT«stE»«t*fc 
m^yFzmm.rzjjmT'&iT, mi ©&«&§&#& 

Mt^Igt, £ 1 OlMBttflKhkk: h>**AU7 

h>*;W\->J7»©MIIlt mi©3£85 
tt»»±fc» 1 ©A'U 7*#S»f£U IMStSI 
It. iftJUltO* 1 ©A* U 7gE»±icm 2 ©A* ij 7 

[0 0 6 7] *«WO«ah>*;va^aA7 H©JBiS 

U 7gfc9-i5J:tfm 2 COMlcJMtt-SX 
Sim. H>^;W\*iJ7SI!i)fflMllH ^1© 

a««t«»±jc:o. enmaTcmtmicDA 

2 ©A* U 7SJ»SMT5Ii <b fe^tr «fc 3 t> © 

[0 0 6 8] *fE91©tt*K h >*JW»*ffl^y H©»ifi 
^STCtt. h>*^A*U7«»»J«xe»C*^T, mi 

oa'^^^ml. *<t«ia-r*xet> gtft^a 

&©fg 1 ©A* U 7SB#_htcm 2 ©A' U 7«»«:»J«-r 5 
x8i*-&tr«t3k:Lfco-c, J»*:*iSjK:«J:0i3-fc*6 
lfett$rWr^ h>^;W\*U7S*^T?»-t^T# 

[0 0 6 9] 

[0070] [mi c&momm 

<MT J m^&JzZfMT J A.>y K©M>Sf. 01* 
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>*;U&-& (MTJ) ;fc<fctfC:<DMT J ss^t^tr 
i^h>^^l (MTJ) s\y KODttJGfcfcO^T, 

0 J ^7 H 1 S2te. 01 

(DMT jm^F7 O^MT J f* 1 Ogfrfr^rffiHT 

[0 0 7 2] MT J s\y H 1 fi> S«9©±IC, TSB^ 
^'J-HBIO, MTJ*f7 0*J:Z«B«|5 0, * 

UTt^*. ICT, MT 1^7 0te*gjg:Jf5 0 iCffitg 
£tl, TMR$f7 OWTSB^SteTSPUfa'.;- KJI 1 
OlcSU ±SK^ffltt±gPmat'J-l*B6 0\Z& 

£TH*. T«««iJ-KJBl 0*5«t^±aB««iJ-H 

16 011, mt j 7 o izml-x. mmmzmmtzji 
miz±>xmm*mmmm!6£ L-T©$*ts£^fc-r. 
tmm 5 o »*, t»««u -hiio <t±§Bm^'j - h 

[0 0 7 3] #*66©JgJ8{;:<fc*MT JSSH^ Ott. h 
lOtCjgLT, T»iitI#2 0)l«»«S'n. ^©± 

tc. h >*jp/\; 'J7I3 0, ±&w.®mmfc4 o t*«Mi 
&o~fmmmmm&2 o#£v±mn&mmft4 o«, 
ftau— hi o©±^®±»c^snfcTSB«®ffls 

*2 0IJ, ->-H®2 2i. V-KJI2 2±\zm^t\ 
4»itt7'J-I2 4tmTl>5. -/-K12 2IJ 

tt££ft-h£-t*-*<fc©T&*. 

[0074] ±&mmmmft4 on, 3tsH4e>KJi4 

2. HfiHKttJl GHft*l£H£ Win*) 4 4*5j;tf 

6**(HCJg^$nfc«|jS*#bT^J*. 
f>H§4 2ll @^^i:t)li#«n*. cnil MTJ 

^tc»LTab**ra]©^.gBfl8^EnsD^nTfe, &m 

tttf>HB4 2 (C*Jtt*JKm : E-^> H©[Ute(iS3tfia 
tt«4 4fcj;oT«FW , &*l. JtBffc^frtfH^tlT^* 
rt^Tfc*. 3$fiH4:7'J-Jg2 4(0m^->t~> 

$tifc«^Tfc, mn.^— H«sstc[Hi^T^*. 

fcf> H@4 2 ©fi8fb*|Sj 4 3 tittSBSB® 
left LT^mc^fcit*©^*^,, 3$ffiBi47«J— H 

2 4 ©«ft*(fij 2 3 n-mmmofc^vtm-v. sums 

If > KM 4 2©fi8jt^|fi|4 3«CftUT^aiCfiS-T*© 

[o o 7 5] ±>xmmte, ±sem^u-H^6 o^6 



«IIJg4 6, S^Ittl4 4, Mf>Hl4 2, h 
>^A'J7I3 0. S{8tt7U-I2 4. ->-KI2 

2*5^^95^^';- hbi o©)©(c. mmmzttVT 

SEtCiiiilT*. K>*)l^\*y7Ji3 0 ^gfttx* h>* 
;UmSS©fifi, h>*JUA*'J7)i3 OICBSTetlTPS 

LT^*2o©^mtt^©^b*rsj. t&*d^. 

7 U -Jl 2 4 ©SHt^ffi 2 3 £3£Stt e > K Jl 4 2 ©81 
{fc^ft 4 3 <t ©fflft W&#|6] Kfe#T* . Z. © <fc 5 K, 
MT J^TtCti. Hy7*»'J-K6 0A»6T««fS'J 
- KJf 1 0^tt{t8B«t»rtSnTH5. 

[0 0 7 6] «flEaUj({*:*>&©a«fc«J:-3T. 8Ht# 
fa2 3te, ®{b;£ft4 3£¥^&*W;tRSF?TK:ft*J; 
■5IC(Hl^-r*o Zl.niCJ:-pT, 2O0Mttl, -f&t> 

^(rE-JJO h ©ffiftWE|6]*^to 0 , £ £>\Zh>*)in 
SSWfi&^b*. ioT, ,MTJff7 0©&-&JgfctM 

a^fbu ^©fits^fkK, mwr. mm.'Tj xzmm 

SB (Bart*-*") !CJ:oTUi*«£E»btbT«aiS 

[0 0 7 7] p3fi» B2(C*LitJgl ©3lJ&&©Jg&;IC 
&tt*MT J ^©^Jgfisj^^TMT J 'v* H 1 ' <om 
Sit*!.. ^©MTJ^flih>^W\'iJ7l3 0' 
«tt)T»C»«tte>H)B4 2' ZffiZ-tchWSbZ. M 

nz7Rvitmi<Dmffi<omm<?>mm&ft£, mmwzm 
-■v&zm&L^miziz, m-nmz r j sowr** 
Ltz. m2iz7KLitmi<Dmm<Dmm<Dmi$.&mzi}a 

(fcf>it«6S) 44' L<om\zwtft.znx^z><r>iim®. 

TS>*„ 3ifi^(47'J-@2 4 ' «*5gHj© Tf&2<D%m 
ttfflj <D-&WWX$> 0 . 5S«tte>KB4 2' 
bj© r^ioD^attJfj ©-*:*« t?**. 

[0 0 7 8] <MT i^sy H©Sit*&>^(C. ±EL 
tsah>^;^si (MTJ) H©ffi!^)*{CO 
^TiftH^T*. &*. *^SS©^Sglc^*JKmh>^;i/ 

(mtj) ^©Kifi^to^Tfefif-a-Tiaw-r 

*. 

[0 0 7 9] HI, 0 2*5J:O:0 4 &#RgUT, MTJ 
Hl*5cfcOCMT 0 ©Kit^^gftwr*. 

04IS, MT J 7 O©#B<&&^:bT^L-fc»fM0T*) 
*. 

[0 0 8 0] S^9©±IC. >y^ii 
fe©*.. C©*feg:^©±lc, ^©^mtt^fiStt^Jpl-S: 

mmLrzmm. m*.\i. j>^.(Ta) , ^ (c 
u) . 9 >*)v%m\zmmLft®itfrt>i3.z>T $>m%v 

-H®1 OSrJBMTr*. TSe«^'J-H®l o± 

©-gPJCTMR*^7 O^WfoTZLmz. -fOTMR 
^ 7 0 ©HB®«£SJfr&tJ <t 5 (C LT, T^m% 'J 
-HS1 0±(C7)U5^- (A 1 2 O3 ) ^©JSiUHg 5 0 
<£^T*. ^©©^, TMRif7 OfeiUCieii® 5 
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[0 0 8 1] £A±tCj:D, h>^;HS^fitr[^m*fiJffl 
TSTMR*?7 0t, TMRff-7 0tC;ttLT, fiB 

§B«^y-KBl 0*3<tDCJi^€aU-h*J16 0) «t£ 

[0 0 8 2] u^T, TMRsSH 1 - 7 0S, 0l;ttf, #© 

' 'J— KB 1 0 ±t. x;t 7 * "J >ifm\Zi: K) I/— KB 2 
2«^(St5. y-K12 2il ^>^;P. i?DA (C 
r) , (Ti) , Z^WnA (NiCr) % 

&&£.Tj--y>r)Vi7U&Wi (NiCrFe) &&fr*>fc 

:o^.KStt7U-I2 4ll «^«a;\*;uh (c 
o) , nA;Ph^*3<tr/c-.>y;HS (NiFe) 

(NiFe) N i FeX&4 (X = 

^DA (Cr) , i?>i?)V (Ta) , ^E'J 77 > (M 
o) , (Nb) . vMl^-^A (Z r) ) 

®«y - hb i o -Lie Tg&m«»B& 2 0 &j&&t 

[0 0 8 3] Slit, T8Bmffif«B#2 0©±fc, 
B^£X/1-y*y >7^TJEM£U cinema, &m 
mitm. (H;bl0£, in sit uffi) lC<fcoT&PB 

[0 0 8 4] h>^A*>J7I3 0£Jgj£Ufc«. Co 
FeMiCIfil. )U^7A (Ru) !?©#Bi14B 
fc±tfCoFe£&*©«ttB£JHfc:«BU 9S«tttf 
>Hl4 2^Mt4. 3l«ttt!>KJB4 2tt. 

2^©5$®H4B#, ;^-^A©ffi. U--^A (R 
e) . Dy^A (Rh) . mi5£tf9uj*mfr*>t3i2>m 
<fc 0 MiR£n3#58tt&JSlB *«E A/TS»«tt»^- L T 

•^IJO. x/v^U^flciD, a£v>#> (p t 
Mn) ^*5&5S3Si8ttl4 4 flfTS. $£GB 
ttfcT>KB4 2tS«lttl4 4 i:©#®(C*i^T32^ 
Mf>Hl4 2 Ki5tt-SSB{b©rfi]^ 
@5t£n5. ft^lC, 5Mttl4 4J:l;, 9>9)Vii> 
£&-5«MB4 6£Jg£fc-r-5. upLT, TMRff 7 
0©^^tS7T^. &43. 3ft8tt7'J-«2 4tt, * 

f£i»!© rg§i©3£SB&Bj ©— a#wc»d. auBttt; 



> KB 4 2 tt**M© rjg 2 ©3$«&t$JIj ©— JUfcWT? 

[0 0 8 5] J|10jHl0&*K:&tt«X^T&«&- 
i^MTJif 70' ©«ifc&ffilCtH>T» 0 3 43<J;U; 
B5S#«lbTaTK:BiWr*. B5tt, MT J 7 0 ' 
©&«£ffi*LT;^Lfc:l0rE0T;fe3<. CCTH, MT 
Jff 70' ©St^gSfi©^, MT J m=F7 0 <t|SJ— 
©^^*^T-5t)©iCPUTtt. JMfclft§S8;, &mz-D 
^TigS^BSTS. MT-J*f7 0' £W©#|fi£ 

S*t^WOMT J 'Vy K 1 ' Sityj&te, MTJA 

y k i ©«ja^ttt*Kwcpi«^:©Tr#«fr*. 

[0 0 8 6] MTJif 7 0' ti, 0«*.&4\ *©±ptC 

UT»j«an*. mz\zmvt^o\z. twmu— f 

B 1 0±(C, X/V^U >7^tcJ;y ->-KB2 2 ' & 
Mt^. KB2 2' Jtlr, Mlf^7i"J>y 
^lC<t0^>^;k if DA, 7*>, NiCrMW 
W4N i C r Fe^f!5>f,)ii 1 f>7 > l/-M2 5 £ 

jgjE&-r£„ £<=,tc, E3S«ttB4 4' *3±y^atttf> 

FI4 2' *m\ZMi&?Z>Z\}i-?. ->-Hf2 2' , 7" 
>7l/- KB2 5, K3£GBtfiB4 4' *±at»«ttfcr> 
KB 4 2' 3ft«)Bfc«BSnfcT»«S«Ji#2 0 ' i>m 
j££*T.£>. iKt^T, T8&m®*iB#: 2 0 ' ©_ttc, h> 

^;w\*y.7B3 0' *»stt5. K>*;w\*y7B3 

0' 3S«tt7'J-I2 4' ^Jctf^HB 

4 6 - *»i«-r«cfc±a«iaBfr4 o - 

Z>» Z.O IT, MT J *7 7 0 ' 5nj£T &o 
[0 0 8 7] <h>^;W\*«J7B©Kft}£tfFffi>MT 
J *^7 0©TMRJt£f6]_t$1±, #0, S/NJt£fc 

3Sc#-r*fc*»ctt. ->-K»2 2£{£fflu TSBmsa 

4MTJif70 ©SS^-ffitatttt, *OWffi**t 2 0 0 
x3 0 0«ra! ©^, SHQ^E>Sl 0 + DQ©i6H 

[0 0 8 8] MT J if 7 OWS/Nit^efeSTSfcae) 

st«*Ttf«.*S ! b#^.e.n-5. £©££, k>^;ua 
ic, i7 da, ^y77>, zi*7, ^, 

(P t) , A5i?r>A (Pd) , *D> (B) , jsssSI 
(C) , 7;i/5-^A, 5>>if7.7-> ON) , ->y D> 
(Si), 5^7>, A*7>"^A (V) , ;^-^A. 1/ 
^"^A, > ; ;i/D-'>A*«kZ/^y^A (Ga) fr£>fc2> 
m<D5 *><>t3. < t h 1 ^^MSI^Ii^tft 

^aufcfc©^ h>*;uAu 713 ofcjgffl-r-s^tfe 

[0 0 8 9] 0614. ft*©m-gHfc£»C<£-3T^S&;* 
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fttzmmo) h >*;PAU 71130 ^MT J ^ 1 
7 Ooa^MRBBB^**. 8l«tt7U-Bl 2 4CD_t(C 
A'J713 0W$n, S6l;»Bttt>HHl4 2 

^asstiT^^. ig6ic^-Tck5tc, m-^fkffiiCct 
ot#e»nfch>*MU7ii3on uwrui, * 

3 0 £*T5MT J*?170 "fe >X«8Kt A*-f 

7X«Et<0Bff«(0«a»tt^*^-5*»Wtt (7y 

[0 0 9 0] JlftlcttU 1 0)*»©»»T 

■ *il*«K:«JiU SHbTSC^T, MTJif70 

3 0 cfc 0 fcff *0>i^— tt©*^ h >*;l/M U 71 305: 
£AiT€TS. ¥SS«#$n5i, h°>* 

U7B3 OOiP^^ffiSrTfrf^Clii^tT^, ±o 
T, ffi*<DTMRItSlt»l,fcSS, -ft^fitftfltSitt* 
(S/Njfc£ft±£i*5££A*Tl§fS) o 

[0 0 9 1] £tT, *f6^(Dgl 1 <D$zm<o&mizmz> h 

>*)WV)TM 3 0 £^tTMT J 7 0©«J5E*&lCOl^ 

t, m7 zmrnvTrnMizmwrz* 
[0092] mi <D^ffi<DMm-c$>z>m&<Dmit&* 

r»fbttij £»-r*E iters. ^7ti, K<tj*nc 

«fcoT»fifcan& h >*;W/tU 713 0 £*&frMT J * 
?7 0<DMmT?$>Z>o h>^MU7!3 0H 
7 U — M 2 4 CD JitClg 1 <7V\* 'J7I3 2 &te$L\,1Z<b% 
Kftjait, S6teSB2<Z)AU7Ji3 4SIMt:J!i3a*(D 
iiOAU7I3 2co±tc«^bfeo^^>fk5n : 3i-rs^ 

$Z«?M$:Mtt7U-l2 401CMU;^| 
fb&SU gHb7;U^~^A (AlOx) 1 
©;t'J7i3 2 6»«TS. *<0«. ^»H0 7 

~ ^AIi£»{bfflS»©S 1 OAU 713 2 GD±tC 

1^^2©A'iJ7I3 2, 3 4H ttl'0<Di$«& 
AlOxE tSt)'6l>>^U7l3 0«rJgjB£T ' 
£. ffittl:>Hi4 2^A10xi^b^ 

h>^AU7i3 0(o±ci^n^ bi* 

WS2 0AU713 2, 3 4H ±e$>3MUS - A 

mcottt) o \zi&<D&m j Pi¥&mm*:mitmmT z> ztiz 



n - o A 43 i 1/ # U A A* £ & 5 i¥ co o >Ptz < ch t> l 
IS^TfeiK fiL, h>^W\'U7I3 0H 7 
;i^-*A> ^>r*;k ~^;k ^*>, /\7-^a 

(Hf) , V^i/^A (Mg) . y'jHX 
* AiScfctf # U W(D5^M<<i: 1 a*#trd iA* 

[0 0 9 3] 2»*»ffc&T**Bfl:a&itt. ££lc, 

»1©A'J713 2<DJ»* t 1 At, |g2©AU7Jf 3 4 
CD/P^t 2JETFT&<5A*-> (iftfel -liK) 
fc, Il©A'U713 2©JP^ t 1 A*> I20AU71 
3 4 (Djp^ t 2 J; 0 hm^ni?—> mit& I - 2 <hP? 

iOD2^Tfe^o 
[0 0 9 4] »{tifc 1-2 ( t 1> t 2) <D-0iJ<hb 
T. £&<£>J#<^ t 0 A* 0 . 5nmT^*l0h>^ 

fc, 0. 3 nm<DJP^<D7;i^-^7ABi ( t 1 = 0. 3 
nm<DK{kffl3at(r0^1(^/N*U7B3 2) • £0y*tf, X 
Ay * U >^tCi: 0 3^ > Aft Tig 1 <D3$«tt:7 U -S 

2 4±tam. ff>A^^>yti^i, ^e-o 

7J^-^7Ai «ftfilWfl!)*liJ!)A'J7l3 
2) Wftttlfc^ftSirittKS^^X^telB-rctT 
Sl^Al Oxl (S1©A*U7I3 2) ^MT-So 
*WT, »**«0. 2nm0S2(O7i^z^I (t 
2 = 0. 2 nm(DB!'fbfflSSfr^2a)AU7S3 4) £ 

s§i coa i oxm<D±\zmm?z>o ^v^mnzttf 
mm&&wtmm77X^\zmvTmitmmTz>o 

-TSCltT, TA 1 Ox/A 1 Oxj iTM^tl^? 
ffift<DiSU^ h >*)WV) 713 0 At#E>nSo 

[0095] &izm&T%>&. mtmi i:±-3T»«s 

Wfr till 0 . 6 nmOT, t 2 tt, t 

[0 0 9 6] *^JfiCD»jBte*5^TJ4, 
AU7I3 0tt5*B8tt7U-B2 4 cTXklcffijf % 
«tte>K14 2«h>^AU7I3 0<50±JC«JB$ 
n^^iAtjff* $t>te. h>^A'J7!3 0O 

[0 0 9 7]*!;, »b»a»C!)JBl(DA<J7JB3 2* 
ct^*2<OAU7H3 4<0^ffKZ)JP*L (3KJP*t0=t 

i + t2) tfim&<Dmt.&z> t ko\z* mtmi -i\z<k 

oTh>^AU7i3 OA^feMT J«f7 OA 
71 3 0 B$:iAtMT J 7 0 B^ffgl, m^<D 
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-mitmz^&MT j 1 7 oiz-D^T&mm&mmzn 

[0 098] ms\z. Mit&i - i\z<k^Tmj&zntz 
mt j*^7 oAfect^^si - 2\z^xm^n 

fcMT J*^7 OBKl^t^^StriffiR^ ggjp^t 
O£<D|ll^£^i-fft0J0Tc&3o ddTttU Iftlii 
ODfgl C7)AU7JI3 2 A, 3 2 B &cktffg 2 <DAU 7JI 
34A, 34Bibt, ^^^feT^^-^AK«rJ^^ 

U7I13 0 £{ftx_^MT J *T 1 7*0 IZO^TCD^ 
hm^X^Tco @8l:^^TH ^^S^SSlR 
(Q) Wb>^U7l3 0A^Mt 

&^tMaiiii[c7)g§ i <©/x U7I3 2 (om& tit. m<t 
mwm(om2(D/v)7m3 4<Dm& t 2 ttfv&ttTfcs 

TJU^—^ACD&gJS^ t 0 (nm) 4^t 0 &*3* h> 

^\ ^(vmzh* t 0 hhTmmz^-. 
[0099] B8i:*^t, ^<Dm—m^tm\z^x 

MSnfch>^Wt'J7Bl 3 0^t)OMT Jlfl 
7 OCD^SStR^^tt^r TAJ T^b^aST^To 
^mtc^bffii -llCcfc r«j T«U 

I - 2 tcj; T#j T^Lfco 

[0 10 0] 0 8l:intf, S«CDCtTtt»5^ J¥ 

0. 5 nm©7;^->>A*iSWt«Ibt*^ & 

&oT^5. ^tlGQjp^t OC^T^ KftSfe 

a<-#e^«^sffifltR&jsu «^Ti«bsiT2, 

"Kfkffil - l<DWcKv>»^»tt«[RSr^r«k5^o 

[0101] 09H 08tI^feMT J OA, 
7 0BlCP^T* TMRifcO&ffcSWSEL&lg*** 
To «ttfcTMRJt (%) fltttfctt, 0 8 n 

&> h>*;VAU7I3 0A, 3 0B»J«T*«fkffla 
i0glOAU7I32A, 3 4BCDJP* t 1 »{t 
ffiglmI^2CD/^J7S3 4 A, 3 4B(Djp^t 2 £tf> 
^H-TS^T^^n^AK^iP^ t 0 (nm) £^ 
"To tt*©#-8ftffilC<t5MTJ*^l 7 OCDI^ffi^ 



13 0TH ii©7J^X^Ai^K ^COiP^^r 
t 0 £VTWm\Z^-? 0 

[0 10 2] m9\Z^lstc£?\Z, TAJ TSLfc*— 
WHtfeO&G. t0^0. 7 nm^y. 5nmJ 
T^>t§t, mt*UTTMRlt»±2 7%*>£>5. 

!0h>WA'J7ll 3 0*fJESt^^Dt^ 

J|CDJ9&ftnft>*^ *^TMRJt*lt»"r*Ci*«H 

MT J*^**lr>ttMT JM Hom^rmjBE^ffiT 

H9t£/BV>fcMT J*^tt, r^>^;^ (5nm) /N 
i Fefi# (5 nm) /CoF (2 nm) /A 1 

Ox (2Ibb<fj#it, 0. 5-0. 7nm) /C 
oFe&# (3nm) /PtMn^ (30nm) /9 

[0 10 3] B8tiffB9»:*SftTV^J:3l:, ¥ 

t0 = 0. 5 nmWiS, 5. 4 %0TMRjt^feJ;tf 
1. 3Q<Z>»^ffiffiffiR*^i\ — T#j T^bfc 
Kftffil -2l:«t5MTJ*f7 0BH l&J»*t 0 = 
0. 5nml:^T14. 7 %<£>TMR J£:fcJ:tf 9 . 4 
Q<DiS^ffiK«R£*t\» JI^Sp* h>*)Vn*)TM 
3 OBtt f l(7)A l J7i3 2B£LTiP^t 1 = 0. 
3 nmfl)7;^z^AIS«ibtMltft«lIt, ^ 
^T^O_hlrm2c7)/N > UT)i3 4BibTiP^ t 2 = 
0. 2 nm(D7;^5-^A«**)Ibfc<0'6«fl:«l3S-r 

CctoTMT J$ : ?7 0 BSMt5»^ &\ZT)15. 

•^SDiP^t 1 = 0. 3 nm(7)Il ©AUTJB3 2 B<E> 
Rfltf&S+fc* cco^(7)T{c*^^tt^U-H2 4co 
(Sl^A'J7l3 2i:^S) tftor^CKfl; 

[0104] 81H ±EB 8 i5,fc B 9 

[0105]® 
«1] 
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R X A 




1X1 nm 2 




O it m ' 
M M III 




TMR 


R 
(ft) 


mt& i - 2 


3 + 2 


8.1 


1.0 0 5 1 


1 4.7 


9.4 


l - 1 


3 + 3 


3 7.1 


0.9 6 6 2 


2 5.9 


4 1.1 


Sfcfcifc I - 2 


4 + 2 


2 3.7 


0.9 8 6 9 


2 6.7 


2 6.9 


i - 1 


3 + 4 


7 8.4 


0.9 8 7 4 


2 5.6 


8 3.2 


©<fci£ I - 2 


4 + 3 


5 2.5 


0.9 8 4 4 


2 6.3 


5 7.9 




7 


44.5 


0.9 9 2 8 


2 7.6 


4 5.7 




6 


1 1.3 


1.0 0 5 6 


1 6.9 


1 3.3 




5 


1.4 


0.84 9 0 


5.4 


1.3 



7m<om&t 1 +S2(0M'J7i©JS* t 2 (£"5<=>fc 
7;i^~^AK) J £^T 0 3?Ug^Sti^ORX 
A (Qum2) £tkU 4?ijacD^Stt5 f — *BB 

mB<Dmm*i&&mm&i x i M m2 a^^^t 

MR tt (%) i»£J6««R (Q) ^/Wo 

[0 1 0'7] #^>T* MTJ^CBiH^OUcfS 
c^TMRit4oJ:^^S^MRO^^tt^O^T^ 

*JWtU 71130 SiifeMT J 1 7 0 

u 0i Ha, mi<D$&fc<Dj»m\z&\,izmik& 

I - 2 JCck 0 Ufc h >*;w\* ij 71 3 0 B SfBAfc 
mt J 7 0Bicr^T©«s**T. ^*rn<^ h>^;i/ 

A*U71130, 3 0 BI;43^Tt>, fiH^t 0110. 
5nm, S^HSItt 1 X 1 /zm2 T$>£>o 13 1 0, 11 
tC^^T, *9£$ftteTMRit (%) £tkU ffifWiMH 
(Oe) ^/tTo 

[0 10 8] h>MAU7113 0H f»0. 5n 

J&i,rz 0 01 OlCSLfciifc* liHl:*ftT*t^: 
fft^l^nt, «*fflttTMRJta*»5%, g^Stri 
«R*«j»l. 4 0 (Q) IciifSoTU*. — h> 
*MU7»3 0BH fgl (0/VJTM3 2 BiUTS 
^ t 1 = 0. 3 nmCD7;P5 Ajg££«Jf Lfc<£-£g£ 
*bMJIT£Xg£, ^T^2^A'J713 4Bd:LT 
»*t2 = 0. 2nm(07^>-WKfaiim 
ltft:fflar<&xetJCJ:oT»jBSLfc. 01 ltC^Lfc 

**asn, ayc«»4TMRtt*tti 5%, ^sstfflR 

^10. 7 (Q) tfrofco 
[0109] 012-14(1 mm*t 0 = 0. 6nm 

*«t^«»^stt«R©«»H^»-r**«iBiaiT**. 



01 O&cfctfl 1 £p]tll> h>*;UA*U7H<3D»-&| 
iii-lll X 1 ^ m 2 £b5fc 0 »«ta*TMRtfc (%) 
43efctfS£i£ii«SR (Q) 1Stt^lB«H (O 

e) il2H flE*0*-»fls»«cJ:oT»fi!E 

$n/i^J¥^ t 0 = 0. 6nm(D7;RzC7Al0h> 
*J^U7I 1 3 OSMtMT J m^l 7 O0«Slt 
tt^to 113H MWzm^t 1 = 0. 4nm(7)7 
;U5r^ABI (?g 1 ©AU 71 3 2 B) &8ttlb, 
^KlJS^ t 2 = 0. 2nm07H-^7Ag «2(DA' 
'J 71 3 4 B) Sr*ft"r*c:t«C«toT»J«Snfc 
fctts ffitfe I -2Kcfc5) h>*;W\'U7I3 0B 
SMfcMT J*f 7 0 B^§«rttSSt. £<blC0 
1 4tt, SSJJtCiP^ t 1 = 0. 3nnK07M^Al 
ffilOA t, J7!3 2A) StftffliU, Xk)P*t2 
= 0. 3nm©7;^-WIS (S20AU734A) 

I-KCcfc*) h>^W\*U7l3 0A^IAfcMTJ 
#f 7 0A(Z)M1*tt*St. 01 2 — 1 4tC^L£:iI 

[0 110] 2£>*C, 015-17H JKJP*t 0 = 
0. 7nmO*^tC*frt*#||<t«6<Ojfctt*ffofc, T 
MRit^ct^S^S^MR0®«HJC*f1-^^ft^T' 
Sh>^U7I^I«|j;lx l U m2 T 
MtttoPTMRtfc (%) *«fctf»^»iK«R (Q) 
Sr^U ««IjWB«H (Oe) £^To H15I1 
K^tStCfcSMT 170 (D*«4*tte^T. 0 1 

6 tt, ttfcftiafflf<?)!g 1 OA U 71 3 2 B £ Itf^ t 
1=0. 4 nm<£>7;i^ "CAi^K Rfb4fflS89tf> 
B2<DA*U7l3 4B£LTJ¥<^ t 2 = 0. 3nm(07 
;^-«>Al$ffl^fc (Tftto*. gg{b&l-2lc£ 
5) h>*;W\*D7l3 OB^tfMT J 7 0BtC*3tt 

*«swttsssr. s^k, 01 7 «u K^awco^ 

l©A'J713 2AtLTJS*t 1=0. 3nm07^ 
^AJKSrffl^, »fbffiJIttWS2<DAU7JI3 4 A 
£lsTm& t 2 = 0. 4 nm^7;l/$Z^AM^: 
ttflsffi I - nCck^>) h>*M'J7B3 
OA^OMTJ 7 0 AJC^W^SWttS^T. 01 
5-1 7^7KbfCct'5IC, t 0 = 0. 7nmtlfcS& 

^45^Tt>, mmH\ztt?*m®ftmz-o^Tm<tmz 
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[0 111] ±fBUfet*50. ¥-K{bi£. KffcftI - 

l^^^bsi -2ic±^Msn> mmmzttt&T 

is\ eh 6&£zsm i 7^#itsi:, &{b#usmi©ii§ 
i ©a IJ713 2 ©ji*. 1 1 d^-fkiaiagacom 2 ©a u 
7® 3 4 ojp^ t 2 sTFomz-^t zm-s, Tf3.t>% 

mitte I - 1 (tlSt2) ©i§£\ MTJ|f7 0ti 

mtfe 1-2 ( 1 1 > 1 2 ) w*^- «k d %±%tzm&i& 

MR5:SLTV^„ Al Oxi (ft 1 ©A 

'J713 2) ±fCPJ5g$tlfcT;W5£^AK (&{b$aS 
M©SfS2©A'J7J13 4) li, 5£mttJf±ICifi&^!&£ 

©&<ABt£t#&;i£at-T;€\ ^©*£^. e>3}s-;w*# 
3nc'>&^fg 2 ©A 1 Oxl (|g2©AU7JI3 4) ifi 

[0112] il8(t «e*©*-K{bl*tCck^ A 1 O 
x^f>a5h>^*'J7l 13 0 SrffiAfcMT J m=f- 
1 7 0t5<t^l©*JSC0^M©^bai ICck&2Jf#£ 
}g©A 1 Oxrt>£,&£ h>*;UA'J7Jf 3 0^ix.&M 
T J 7 0 ICi^T. ir>7>*dittA--f TXmJEtCD 

«St (A) £t?;U «tt(SA-r TXmJEE (V) £^1% 
ZL ©D13rett, ±g5«^ 'J-H6 0* e»Tg5«a 'J - F 
1 0^9Jira-T-5^r&)*iE/\*'f 7XtU ISBj0tc*3ViT 

frt>±.Wm.% U — F 6 0 ^EPSOT-S^IS] 

roj iCctoTS^L-fe. 0i8ickftH r«j 
U raj -r^bfc*-^{bi4tcj;^MT j*^ 1 7 o 
iOfc, rej roj -r^Lfe^bffii ict-s 

MTJtf 7 0 ©**^ £>tl£ £ £ 

[0 113] 01911 '&*<Dm-Mfcmz£iTl&l8. 

)iz^Tmm-?&z>. mi 9izmt.tz£o\z. m-mit 
mz&&mwi%Z(»7uy t-i M-mm%f>-?$>K) , ±m 

<*.%^. MT JsH^l 7 OrtSBKiS^T, h>*JW\* 
'J7B1 3 0©±®te*H8ttt°>FJf 1 4 2i«U J£ 

a77-fA)Wfj»»i:&sfiHtt. g£*&{b©<fc5&v 

13 0©_h®H »**H«»CIBSn*tK*^t«t 
»3il««>tcSM-r^vlilc^«.<DT. h>*A-A'J7Jf 



t^. I©«k3&lHl:J:D, 01 9 lc*bfc<fcplc, 19 

[oi 14] h 2 o i±, *mm<DMm<Dmitm i 
tc i o tM $ nfc h >*;w\* u t s 3 o ommM $ © 

K<tfenc«fcswtMiess©^P7 7'f;i'tt, si 8 

±SO|»aiSSS<I>2 t«ffiOW«*S4> 1 £©g*t/h;£ 

tr>. -r&fr-^, mi ©Kfk7;i/5-^A^ aifflA'u 

7)13 2) Sr^bfc^tC^2<D^{b7;V5->7Am 

(S2onij 7H 3 4) *iiio»j*-r**fti= ±ntf, 

$h fln&lc «t 5 7 =-;HQ9£S*fT-r 3 ntCttXflC? *« 
£©T&£„ 

[0 115] <*l©*Jfi©»*K:^**3»*>£U:© 
SrUffl bT h >^;l/A* U 71 £J§M£T5 «t 5 \Z Lfz<D 

[0 1 16] m\z, ***©»JBfcJ:ntf, -ftlcift 
»RttSft5h>*;OTJ7i3 O^^fiK^i^T^ 

-f\ l5«l^-«>-t>xmSit-A*<77.mffifl«t/j:^M 
T J ^7 0 St#^'id^oJ#eiC^^>„ 

[0 117] [«2<0%KO»S] ^CfC, *«^©SB2 
CD^SSCD^Ii ICO UTR B^T 

[oi is] ±ie<D±p(c, fgi <r>nM<Dj&mz. h> 
b < mt&mmofcmiimtmw t^o 2 @*s 0 

3Ibff 5 ct-5ICbfcfeCD7?S-5. CiniC*fb*^Jg©^ 

111- \~>*)wv)7m<DmrfL7ti-t7>&2mmzfttt 

IC#fiEt ?>^SgM^^i£«t$ -ti-^ C <»: IC «t 2 © A 

u 7S zm<tmm? z> j; 3 ic bjt t> co-r*^. 

[0 1 19) £TF, 02 1~2 8 5-#BIbT, ***SOT 
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Ttem&mwz^mrzo mmz* 021-281:1*3^ 
xfe> ±k!b 1 (D^momm (02-20 <Dm^m 

[0 12 0] <MTJ*f©itf>H2 l&£Ztm2 2 

MTJBS7 0C, 7 0C ©HBKriBtftS. B21 
tt, h>WJ7I3 l<0±K5l«tte>HJB4 2£ 
l^:MTJ^f 7 0C^gl, h>*;i/A 
U7131' <0Tfca*«tet:>KJi4.2' fctt*&MT 
JS70C &^Lfzh<DT$>Z> Q 02 1&cfcl*02 2 

#-T^o m2 l\Z*kLtc<ko\Z, MTJ$f70CT 
te> y-HI2 2, M«tt7U-»2 4, b>*;i/AU 
713L 3£«H4t?>Klf 4 2, K3*»ttH4 4*«t^ 

SSfiStt 7U-124 fC&T £ cfc 5 fc» 1 CD A* 'J713 5 

««»j*an, j eo±fc, »2 0AU7i3 6«sn 

— MTJSf 7 0C(OWJt*5MTJ 
*f70C »H2 2fC^bfeJ:3fC, ~>-KJ12 
2' , r>yi/-M2 5, K5ft8ttJB4 4' »«tttT 
>K142' h>^A'J7l3 1\ BMBte^J-S 
24' 6«ttf«gl4 6' #£©JBfc«HSnfc«iSS: 
f LTl^o h>*MU7»3 1' 11200 

■^SMShTfeO. »«tttr>KJI4 2' KSrTS 
.fc 3 KSfl 1 CD A U713 7 jWMBSft, -^CDitCfg 2 CD 
M'J7I3 8^M$ntl^o zm&MTJSi 
f70C, 7 0 C ^K/:MT Si <D& 

[0121] <mt j m?<D9Uttm>m*T* 

<D&mz&2>mit& I I (Ccfc^MT J m^7 0 C, 7 0 
C CDSSifefrffilC-D^T, H2 143cfctf0 2 2Sr#flBL 

^si«feb<«#^jiiig*aHi>fccD^, Kftisaa 

>*MU7I3 l^«tt7'J-I2 4<D±{C@^$ 

ns«iig (^2 1) **cfco»*L^. ^tc, 

^liMKI«T*§S2fl)A*iJ7l3 6, 3 8^itt 
I80S10AIJ7B3 5, 3 7©±lCfajHT<5. S6 2 
©A'J7I3 6, 3 8©ff*H 0. 4nmftT, 4$ 
tC, 0. 1-0. 4nm©lIT»SCt^»SL^ 
S1<0A'U7I3 5, 3 7 £?g2CDAU7jf 3 6, 38 
fct ^>^;k -^y^r;k ^*>, A7 

#U^ACD5%4>7S:< £fc 10$^WSCt*WS 
UK 

[0 12 2] ±ggm@8J@^4 0. 4 0'*t*2 



cDy\*«j7@3 6, 3 8<D±\zmmznz>. c:cD±a$ms 
»a#4 0, 4 0' »su<tt3 o ot:*#i(ojaft 

U713 5, 3 7CD±<D3§2CDA*U 7@3 6, 3 8^8 
itan^) 0 d<D«£\ g20A'J7i3 6, 3 8te. % 

ftS<D#j*<hLT, SS14 6, 4 6 ' CDS 

£. $Kt#LSiftcD|glcDAU7Ji3 5, 3 7 

fa. ^ne»cD±{cmBan^fficDA*u7BcDjp^«±cD 

[0 12 3] <h>*;i/AU7lO»«>B2 3 f£> « 
*©»-iftttt:±SMTJ*fl 7 0*i(0«ftffil 
ICcfc^MTJSf 7 0CICO^T, TMRlt£i£i&L 
• fc»***tRWBT»5. «m*<TMRJt*SRU ± 
<0«ttttiiJDSnfcK<tjBl31ircDS2(DytU7B3 6 0 

/X U7I3 5 CDjp^ t 3 h% 2 CDA 'J713 6 <DB& t 
4 t 1 0^U:t©m ft 

«1*5J:^2(DA*U7S3 5, 3 6tC^7;U^- 
^AKtSJBUfc. 0 2 3 \Z^LTz&o\Z, fi£*cD¥— K 
{t*fc<D«£\ 0. 7 nm*6 1 nm'vJgJP* t 1 0&m 

ffcffi I I <D«£\ Bfmfr t 1 0^o. 8nm*6 0. 9 
nmK&ftrr^IRK:, TMRJta**#<«d>-TS. 

[0 124] B2 4H B2 3T1M5L&MT JSIH*! 
7 0, 7 »£«tatt£»£ffi«<fc<©« 

(BIT, RXA) 0*fc*tt*L&»**«Ufcfc©-p 
*^>o KH^RXA (Q/zm2) £^hU ±<D«t«3&«ii 
HPatlfcKft«La«r<D»2<OyXU7»3 6<DiP^t 4£r 
5*U S6fCT<D«ttt^»{k«ia«KD»l(DMU7B3 
5<DJ**t 3£*2<DA»J7JB3 6 CDjp<^ t 4 £<D^%\ 
£^T$£I?^ t 1 0 *r?RLfct>a>T*«>. 0 2 4tC^L 

$fcCRxA^t B 1£— HffcttlCfcSfc, 3KJP*t 1 0 
**0. 9nm*6 1. 0 n mKif SS^fitaffi** 

**<j«Krr*. Kitffii im 'pu< thmm& t 

10^0. 7 — 1. 0 nm(OHTH i£— SHfcj* £ 9 
fe*3ftRXA*^6n5. Lfcdbt, ggJP^t 1 0 
#roiC*(r>tt2 0/t'J7JI3 6£#ALT 
»«SntMTJ*f 7 0CIJ, J£— KftffilCcfcfcMT 
JSffl 7 0 £Hgft(DTMRtt:£jKU -^tlcfc 
0 t)/h$^RXA^to 

[0 1 2 51 H2 4JC*Lfccfc3JC. R X ACDiUflnte, 
m 2 <DAU 7S36 tfiWUttEtlT^ZZ. t ^Sc^T^o 

<tmzit'<T#ft\zM^frmt'?$>z>&. mm^mtf 

A f U713 !CDRXA^m-^{tffictO : t>/ha<ft^o 
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'J7I3 5_htC}fA$nfcm2<OA*UTH3 6CTMR 

[0126] a2 5ii 2 5 ox;-v5mfflT=.-)mm 

m. (mA) £?SU «WiteA-f 7X*JE (V) 
rdTteU JP^t3£0. 7nm(;:@5£U Jp^t 4£ 
0. OnmA^O. 4nm$TO. l'nmfoMSt 
fc. 0 2 StC^bfcJ^lC, J¥3>- 1 4 £Jp< £ i 
T% h>^;WJ7I3 l ©;ttf^a*&#$n-ctA£;i 

i|ij©£t 2 OA* »J 7J1 3 6 ) CDJP* t 4 0 -5 K 

T-JP^t 4**0 £^5©Hff§2©A'J7H3 6##&L. 
^^tt^3*5|cT&^. 7^— JWBStt, 3 0 0tK 

[0 12 7] B2 611 a*©l|i-»flsftfc±oT#/* 
$tlfeh>^A*U7Sl 3 OCitigSO^O?/^ 

;V£5*:-riB&0T-&£. — @2 7it *5IJSo^Si(c 
Jizmitmi I tc«fcoT^j££*a&h>^;w\*'J7Jf 3 
KDRfSiS^W^D^r-f/U^TKH-P^-S. 02 6 
tc^bfc J: 5 \z. m-M{tm<?>7&7 r-t M-mttWT- 

t±Ot)fl/<*t<a5TH5. i2 7lCiL 

tz£o\z, mitmi l<Dzfayr<{Mim-9tKm<D7 
□ ±®©^M^S* 2 ij£ffi©»giS5 

£<D 1 tOl^SK '©SSSJUWU 3f§ 1 ©^SS©^ 

n«. h >*;wtu 7S 3 i +k;fe»tiK*orta»s* 
%k<DWfa&&m t -grr £ <dt- $>z> . 

[0128] 02 8 tt. *-SMtffi, BKfci£ I 

ftiffi i i i:±t>T^nfch>^n«J7Ii:o^ 

T. n-*7X«EC*tT*J£St*[ abs (R+ - 
R-) / (R+ +R-) ] CD^k^TKTSiBJigT*^. 
dCtf. R+ ttA-rTXmJItC^r-5 K>^^A*UTB 
©SE£l£trifiI£^b. R" ttjEK*t©#[6j©A'r 7X« 
h >*;W\*U 7© ©&^e*a{iI£^Tt>©T 
35-5. Mmi3.ig.irim (%) £5^U ^WlfiA-f 7XSJE 

(v) fc^-r. r«j ojRsttfie*©*— »fbft'c«t* 

h>*WJ7113 0Omst. TO, O. □, 

•j ©s^ttKftffii nc,fcoTKfc:£Jl>-©3i2©7 

frS.-OAWi (KflSMffi©f(S2©Ay7e3 6) &jg 
H0L;fch>*WJ7Ji3 lOTSgm£*-r. TAJ (±SE 
fbfei , cioTj£i&£txfch>*;i'AU7Jf 3 otco^ 
T©*§^-e&&. ®2 8ic*bfccfcptc. ^kteiiScfc 
tfi i©*§^> m-Mitmzit^/u TxmmzttTz 



*3,fctfl I l;J;oT^SnfcMT J*^7 0, 7 0C 
C:i3tt5 h>^AU7I3 0, 3 l©»i£it5£©:/a 

>*;UAU7J1 W:. 0~5 0 0raV©/H 7X*J£iEBI 
T\ IEft©A*-Y7X«BE©Jg*T3ll abs (R+ - 
R-) / (R+ +R-) ] *«3%*S|-efc^<t3{C^Bg 

[0 12 9] <jB2(0|ijfi©»JI , C*ttaSft*>«±O 
i-SiC, **JI©JgffitcJ;n«, h>*;PA>J7jf ©JU 
«7"DtXS 2mm\Zfti% f 10AU713 5, 37 

3 6, 3 8©»<b«ia*ff3«t5fcUfcO-T?. II©* 

£5$4>2<h. -hHtC^t-T-SWSK^* 1 <fcCDH£«fcD/jN 
Ttefc*., P«it5$©Jfi#.;#[6] 

H1S|W|— ©-fe>X@M-A*-r7XmEEft^i/j:^>MT J 

m=f-*nz> z\ t.ifivim\zi3.z>. 
[0130] *&w<nm*tztem&m&mti.wi7F;&-r2> 

fztb\z, WT©£i&£##XiiteLT^t-f3. 

[0 13 1] ffflMttl 2000^7^203 icm 
S^tlfc^-U^X • ;VH>£'CJ:5#H#f)FfflK TMa 
gnetic Tunnel Junction Read Head Using Hybrid, Low 

Magnetization Flux Guide (A-f^U y Vt&mifr?? 

(20 0 0^3^2 7 BK*!S$n*:*B{KfcBgi!g6 0 
/ 1 9 2, 3 2 0^(C*tJST^) CDWMW3$J:&t<Dm 

£jgS?T & d t tc J: -o X T M R it %m± \ZT Z> n±^\ y 

[0132] i^±. ±m<?>&$iM<?>MmzmifT*mw 
h >^;ua* u 7S *7;p 5 a ^tsm^wtitmm-r 

t$^>. :o«&, i6Sn$n^>AU7mti^*ic»</<£ 

[0 13 3] 

[^Hj»ssm] $k±.mmi,tz±o\z. m^mitt^m 
$tm i 3 ©n-rna* 1 «ictB*©aa h >^;ps^^^ 
»*jbi 4 7^v^ua*^3 8©v^-rn^i3gic 

^;pa* u 71**, *ft»a*itsnfcjii 1 ©a u rm 
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MU7i^i5u«!:*STt5. <fcoT. m^f#tt©*t 
»tt^3titf, E S Dis«fcl£TDD B#ttSr[oJJ:cF-fr 

TMRJt^[6]±S-&^>ri:*t-I?$.S. Lfc^oT, A- 

Hf^w H^-f 7^E-©<t!}©gfi»;:*;^Tiesffia:&Sv 

SK:te-£©<l&©««&ffl5V'H' Xttfc^5A>, ^-©te© 

mmvftrw z&zzmmzzi Lxhmm ^mx&z. 

[0134] 3 9 (CfE®©fiBSl h ^JWjteS^ 

y K*5<i:tfli}*S4 0*5J:tXIS^4 1 tCKi&©G8^ h 

l©MU7It, m2©A*U7JI<i:£-&tJJ:5t;:Lfe© 

^rrs h>*)MV) TM*m?Ltz.m.%by*))s&&m j \ 

Bl-»TMR)ti£jRtS±'Ny C©E3|ah- 

~*imx$>Z>. ittf-par, 34 

[0 1 ] *^^©S 1 ©5IJS©JfcSgk:fii-5MT J 'S-;/ K 
©¥®0T&-5., 
[0 2] 01 fflMT J K©gB##r®0T<&-5. 
[0 3 ] *%W(D% 1 ©^S6©^!£t;:fii-5MT J >\y H 

(Dgzmmiz&nzwiffim&Tik-r. 

[0 4] H2fc*T*5SW©»l©26«©#ttK:«SM 
T J Ay FtCiSttSMT J StH=-©»rffi0T&-5. 

[0 5] 0 3»C^T*^BJ<Dm2OH^W^tC^SM 
TJ'Sy KICiJtt-SMT J ^ODKBD0Tfe-5. 

[0 6] '&%kv>m-mitm\z&-oxmj$.-2ntib>*)\, 

[0 7 ] #§gBJ§©SS 1 W^SSW^tC^-SKibffi I fcj: 

[0 8] #fgBJ|OTSfu ©^©^SHC&SMT J 3i^»C 
*5tf3&-&Jg$riM© h >*;PA'J 711 ©J¥^flc3M4£;* 

[0 9 ] *f£W(DWi 1 ©SliSWJgSgK&SMT J m^tZ 
*5tf-5TMRlt© K>**^U 7^CDJP*fe#tt$^T 
*$140T35£. 

[01 0] SE3fe©*-K^felC<fc^T^0. 5nm© 



[011] *R93®£ 1 ©^©JgSSCl&SgHfcffi I - 
2IC<fcoTJ?3»-0. 5nm©b>*;P/\*>J7Jl£<Ix.;'c 
MT J 3t^t::43tt$TMRtfc:fc<fc0^^ffi^te©fiB:»tC 

z>m&&mx$>z>. 
mi 2] vtm(om-mim\zj:-oxm^o. 6nm© 

h>^Jl//\*U7)lSr«fx./tMT J SSlTiCiStf-STMRtt 

[013] #fgB8©fg i <D&M0)BWHzm2>M<tm I - 
2 iZ^-oXm^-O. QnmV>b>*)\,}V)7m*ffiA.Tz 
MT J *^£:&»**TMRJfcfeJ:tfS^«ffi*0ttl8»:: 

ia?z>m®mimx$>z>„ 

[014] #fgBj!©Sf§ i ©^jg©^(r«sKfl:te i - 

1 JC=koT/P^0, 6 nm©h>^A'J7I : £ixfc 
MT J *TlC*»t*TMRJt*J:tX«&«ttMOB»t: 

[015] ft*<Dm-m<tmiz£ixm?)-o . 7nm© 

h>*;UA*'J 7JHHIx./iMT J SS^lZZUIZTMRit 

&&&&&&mM.<Dm.m\ztt-?z>fo&mi&X'Sbz>. 
[0i6] *fgBfl©m i v>mi&<DMmzmi>Mit&. i - 

2tc e koXJ1^.0. 7 nm© h>^^A'J71^1B^t 
MT J *^IC*»**TMRtt;fe±tftt^ttttM©»t§l;: 

[0 1 7 ] '-^smoym 1 <D^m<Dmm\z^mit^ i - 

1 tC^oTJS^O. 7 nm© h >*;W\*'J 7Jl£{S*.;fc 
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